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Physics. — “Stationary streaming caused by a body in a fluid 
with frietion’. By Prof. J. M. Bureers. (Communicated by 


Prof. P. EHRrENFEST). 
(Communicated at the meetings of 18 Dec. 1920 and 29 Jan. 1921). 


$ 1. In this paper a summary will be given of some types found 
in the literature of the stationary streaming in a fluid caused by 
the uniform rectilinear motion of a simple symmetrical body. The 
fluid will be supposed to be incompressible, illimited in all direeti- 
ons and adhering to the sides of the body. Neither the possibility 
of lability of the stationary (or laminary) ceurrents will be attended 
to, nor peculiarities or differences occurring when the body deviates 
more or less -from the spherical form or when we pass from the 
three-dimensional problem to the two-dimensional one. 

The body however is assumed to have in both cases its axis of 
symmetry parallel with the direction of the enrrent and to possess 
no sharp edges. 

The character of the streaming is wholly governed by the number 
of REYNOLDS: i | 


Ud 
v 


U is the veloeity of the body with respect to the undisturbed 
Huid; d is a dimension of the body f. i. the greatest dimension 
perpendieular to the direction of the motion, u is the cinematie 
coefficient of friction of the fluid (— a/o) '). At one limit, frietion 
infinite or motion infinitely slow, R=0, at the other limit, fluid 
without frietion, R= «. 

kemark. For shoriness sake the expression: absolute current is 
used here to indicate the current seen by an observer for whom 
the fluid at an infinite distance is at rest while the body is moving 
with the veloeity U. The streamlines are displaced with the body; 


) This number of comparison. was introduced by O. Reyxorps in the investi- 
gation of the flow through tubes, Phil. Trans. Lond. 174, p- 935, 1883. It is of 
great Importance for all model-experiments in hydrodynamics and in aerodynamics. 


See f.i. L. BAIRSToOw, Applied Aerodynamics, London 1920, Ch. VIIl (p. 372) and 
other new textbooks. 
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in this case they are not identical with the paths of the particles 
of the fluid. : 

By relative flow will be meant the image of the flow as seen by 
an observer that regards the body as being at rest. This is therefore 
the real stationary state '). As will be known both states may be 
derived from each other ‘by increasing or decreasing by U all 
velocities parallel to the axis of motion. 

In the diagrams of the distribution of the vortices the density of 
the vortieity is indicated by vertical hatching. In some sketches the 
“opposite” vortieity (see $ 3) isindicated by broken horizontal hatching. 


$ 2. Introduction. 

The state of flow is governed by the propagation or the dispersion 
of the vortieity. This is caused by two phenomena: diffusion and 
convection. The equation for the vortex motion which may be 
deduced from the equations of EuLrr: 


avize> 2] 
a url u Kr YAN iu Re Ve 
by differentiation is: 
Ow 
z zrLw-W-.Dwtlw.vv. te >) 
The first term at the right hand, with the coefficiönt of frietion v, 
gives the diffusion of the vortieity. As will be known the velocity of 
diffusion has no definite value: it depends on the eoncentration gradient 
of the diffusing matter or state. There is no diffusion front or a 
propagation of waves. 
Besides this term we see at the right hand side the convection 
terms: — (v.Y)w-+ (w.y)v, which express: 
1° that the vortieity is carried along by the current; 
9° that the vortex vectors turn with the fluid particles and are 
deformated together with these. 
In one case the last term fails: viz. in the plane or two dimen- 
sional motion ?). In this case the operation (W. ) (the differentiation 
in the direction of w) is zero. The first term is of more importance 


1) Some investigators as f.i. F. AHLBORN speak of lines of force and of current 
to indicate what-has been called here absolute and relative flow. 

2) In the original paper the three-dimensional motion was mentioned here too; 
this is not correct, as has been remarked to me by Prof. Pranprt. 
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and defines the true conveetion. Therefore we shall take this equation 
for the vortex motion: 


Wraw- dw a N 


It is evident tbat for a small velocity U and a high value of » 
(R therefore small) the vortieity will come everywhere by the 
diffusion. When, on the contrary, U is great and » small (Z there- 
fore great) practically no eddies will diffuse against the current; 
all is drawn back. 


$ 3. Elementary description of the flow for. R not 1oo small 
(fig. 1—4). 

I. When in a fluid originally at rest a body is suddenly set into 
motion, we may consider a surface o, that surrounds the body at 
a very short distance e. Outside this surface we have, during the 
first moments, only to do with pressure forces and as these are 
continuous an irrotational motion (without vortices) will arise. Let 
us consider the flow at a moment r after ihe beginning of the 
motion of the body, then e will be smaller as r is smaller. The 
initial flow (because of the condition of continuity) must therefore be 
determined by the well-known boundary condition for the potential p: 


pP 

rn 
where V,„ is the normal component of the velocity of the body at 
the point in question of the surface. Thus, the original flow is the 
irrotational motion of elassie hydrodynamies (PranDts) ; this has been 
proved experimentally ?). 


Between o, and the body a thin vortex layer is formed, the 
intensity of which is defined by: 


Ip 
fa=#_p,. a a ron (6) 


!) L. PrAnprL, Verhandl. des Ill. internat. Mathematiker-Kongresses, Heidelberg 
1904, p. 484. ; 


H. RugachH, F 
1916. 


Also in the limiting case of very great frietion (R—0) we find by the calcu- 
lation method of Stoxzs that the original motion is the ordinary potential flow. 
See Ar B. Basskr, Hydrodynamies 11 (Cambridge 1888), p. 289 (Art. 505). 

See in connexion with this also the note of 87: | 


Va’. 222 90 Sal 


orschungsarbeiten herausgeg. v. Verein deutscher Ingenieure, 185. 
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(s indieates here a tangential direction at a point of the surface) '). 

Fig. 1 illustrates the “relative” flow for tlie two-dimensional case, 
the body being a eircular cylinder. 

II. The above mentioned vortex layer flows out by the diffusion, 
becomes thicker; the vortieity comes into the current and is carried 
along to the back of the body: See fig. 2 (the dotted circle in 
the vortex region gives the direction of rotation). When the vortieity 
behind the body has got a definite intensity, a part of the fluid 
there begins to rofate as a whole or to flow in closed orbits 
i.0.w. behind the body at both sides of the axiıs of symmetry 
there are formed eireular. ceurrents (See fig. 3) ?). Behind the body 
_ we therefore have a current towards the left; in front of it the 
current remains as it was to the right. Therefore we must have at 
both sides a point S, where the eurrent leaves the surface (for solids 
of revolution this will take place along a parallel eircle). 

At the back of the body a vortex layer is now formed the rotation 
of which is opposite to that at the front (in the figure indicated by 
dotted, horizontal hatching). 

III. After some time we might expect a stationary state to be 
created, in the way as has been sketched in fig. 4, where the 
diffusion and the convection neutralize each other. In reality 
this is not the case. After passing a state as is represented by fig. 3. 
the flow begins to fluetuäte; it becomes more or less “turbulent”. 
In stead of the regular vortex distribution a more or less irregular 
one is formed; the vortices “coagulate” so to say, SO that. regions 
with strong vortex motions (vortex cores) are formed, dispersed in 
a mass with weaker vortex motion. 

A more detailed discussion of these phenomena will be omitted 
here’). 


ı) The limit of e for r=0 is determined by the sphere of action of the mole- 
eular forces at the surface of the body. As long as the fluid is treated as a conli- 
nuum this may be regarded as infinitely small. 

3) These considerations have of course the same purpose as those of PRANDTL 
(l:e.); the above form has been’ chosen to illustrate'the propägation of the vortex motion. 

That the aceumulation of vortices gives rise to’ cireular currents in the fluid, 
will probably only be true for high values of R (when the vortex motion'is not too 
diluted). Only in the limiting case of very great R it can be proved: by means of 
the formuülae (see below, $ 7 and 8). | 

On the photo’s of RuBacH l.c. we can see that the circular currents are 
formed on a small scale behind the cylinder at both sides of the point where the 
flow unites. Theoretically this has’ been investigated by Brasrus (see l.c. $ 8). 

3) This fluctuating motion may also be described in’another way. When'R is high, 
so that the velocity of diffusion of the vortex motion is small,'then the vortex sheet 
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Fig. 4. 


formed in front of the body and leaving it at 8 to enter the fluid, is very thin, 
so that it represents approximately a surface of discontinuity for the distribution 
of the velocity. This sheet can be seen on photo’s of the flow in the immediate 
neighbourhood of the body. Sometimes the stream lines are bent so sharply that 
we may speak of a discontinuity. 

Thus a vortex layer leaves the body at both sides; as will be known these 
layers (at least for the two-dimensional flow) have the property to curl themselves 
in the way of spirals to a row of vortex threads. The vortex threads formed from 
both layers are placed more or less regularly (vom Kärmän, Phys. Zeitschrift 18 
p- 49, 1912 and others). 

This may be demonstrated by coloured fluid flowing from holes at the front 
surface of the body. This fluid comes into the boundary or vortex layer, partici- 
pates its motion and in this way makes its form manifest. Especially fine cinema- 
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Laminary motion for different values of R. 


$ 4. The flow round a sphere according to Stokss. The method 
indicated by Stokes for the solution of the hydrodynamical equations 
neglects the convection terms. It gives therefore the flow at the 
end R—0 of the series; the velocity U must be very small, so 
that the influence of the frietion dominates. Equation (4) is reduced 
to ihe simple equation for the diffusion: 
Maraw a 

The most known solution of this equation is that for the stationary 
motion of a sphere‘). The vortex motion diffuses from the surface 
symmetrically forward and backward; its intensity is given by: 


3 sin 6 
ra Me a N 
(a is the radius of the sphere; r and 6 are polar coordinates with 
the centre of the sphere as pole and the direction of motion as axis). 
This distribution is represented in fig. 5. 
The stream funetion for the absolute flow is: 


IR FT (9 
Yas=z a 5) REN &, aa ) 


By means of this the figures 6 and 7 for absolute and relative 
flow have been drawn. These figures 100 are symmetrical at both 
sides. 


$ 5. The motion according to OskEn. 

Osten has remarked that the considerations leading to the neglection 
of the eonvection terms hold in the immediate neighbourhood of 
the sphere; at great distances from it the veloeity of diffusion dimi- 
nishes to zero, while the convection current always keeps the same 
velocity U: hence the convection will predominate here. 


tographic photo’s are found in: E. F.Rer, Technical Report Advisory Committee 
for Aeronautics, London 1912—13, p. 133 (Rep. N. 76), and in L. BAıRsTow, 
Applied Aerodynamies, London 1920, p. 345, fig. 167 (photo by J. L. NAYLER, see 
Techn. Rep. etc. Rep. N. 332 of May 1917). 

The vortex layer behaves as a so-called „fillament-line”, (see L. BAırstow, 
L.c. p. 348). | 

1) See £.i. H. Lam, Hydrodynamies, Cambridge 1916, p. 587. LAmB also gives 
a fine diagram of the absolute flow. 
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Fig. 5-7. Flow caused by a sphere for R—0 according to STOKES. 


Fig. 5. Distribution of the vorticity. 


Fig. 7. Relative flow. 


\ 
| 
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a cylinder for high values of R, calculated according 
to the method of 8 7 and S 10. 
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To take this into consideration Oszen has kept the constant trans- 
lational current U in the equation; equation (4) has not been sim- 
plified to (7) but to: 


ey u NW Zei)... ar 
ar N, (10) 


In the nearest neighbourhood of the body this does not give an 
amelioration, on the contrary rather a little change for the worse, but 
the inaccuracy remains of the same order of magnitude as in StoKzs’ 


j : Ua 
solution viz. of the order —-, or of the order of R. 
v 


For the stationary motion of a sphere Osren finds in the imme- 
diate neighbourhood of the sphere the same solution as STokks and 
therefore the same value of the resistance. This was also found by 
Lamg in another way. At a great distance however all has been 
“drawn backward”. The distribution of the vorticity is defined by: 

3 1 + Urj/2v 


WW 0UR 
2 r? 


BESRtlı 


dal a 


v 


and represented in fig. 8 (ie figures have been drawn for k= 


=04). The asymmetry between front and back side is evident. 


Because of the exponential factor at the end of (11) w*is very small 
outside a parabolical space f.i. bounded by: 


200 
r—ı = —ı 


U 


(where at the outside the exponential function is smaller than 
0,000045). Here the motion becomes therefore nearly irrotational. 
The stream function is given by: 
Ur (1—00s0)) ER + 
— za 0 (12) 
See fig. 9 and for the relative flow fig. 10. Fig. 11 gives on 
a smaller scale (i.e. for higher values of r) the distribution of the 
vortieity and the absolute flow; it sbows that outside the para- 
bolically bounded space the motion approaches a radial current 


3 
I — — (+ cos ©) E — exp 


1) C. W. OsEEn, Arkiv * Mat: Astron. och Fysik. Bd. 6, N. 29 (1910). 

H. Laune, Phil. Mag. (6) 21, p. 112, 1911 and Hydrodynamics, p. 595 seqgq. 
LAmB gives a discussion of the character of the motion (from which these 
remarks have been taken) and also gives a solution for the corresponding two- 
dimensional problem. (In this last case Stokzs’ method does not give a solution). 
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Fig. 8—10. Flow caused by a sphere for R = 0,4 according to OsEEN and LAMB. 


Fig. 8. Distribution of the vorticity. 


Fig. 10. Relative flow. 
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(with v = 3va/2r”), while inside this space the fluid is carried along 
with the sphere'). 


Fig. 11. Flow caused by a sphere for R = 0,4 
according to OsEEn and LAMmB. 
Distribution of the vorticity and absolute flow. 
Radius of the sphere in this figure = ca 0,2 mm. 


$ 6. Osern’s limiting current for Row. 

In different papers Oszen has investigated the properties of the 
general solution of equation (10) and of the corresponding equations 
for the veloeity v and in two publications of 1914 and 1915 he 
determined the limit to which the solution approaches when the 
frietion becomes zero and R therefore infinite?). 

In this case the diffusion vanishes and as the only cause of the 


I) The current given by (12) is no exact solution of the equations used (see 
Lams, l.c. p. 598). A more exact approximation has been given by R. W. 
Burasss, American Journal of Mathematics 38, p. 81, 1916. — Laup’s method 
has been applied to ellipsoids by B. Pan, Bull. Cale. Math. Soc. X, p. 81, 1919. 

2) GC. W. OssEn, Zur Theorie des Flüssigkeitswiderstandes, Nov. Acta R. Soc. 
Scient. Upsaliensis Ser. IV, Vol. #, 1914. 
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motion of the vortex elements is the translational current (according to 
equation (10)) there will be formed in front of the body an infinitely 
thin vortex layer (of finite total intensity) which extends itself 
backward in a cylindrical sheet, parallel to the direction of the 
current, which sheet surrounds the body along the parallel eircle 
of largest diameter. This is sketched in fig. 12, where the vortex 
sheet has been indicated by a thick line. Outside the cylinder- the 
motion is irrotational, inside it generally not. Along the cylindrical 
surface the w-component of the velocity changes abruptly. 

For the stationary motion the following solution is found ') (the 
formulae refer to the absölute flow ; the system of coordinates x, y, 2 
moves with the body, the «-axis is in the direction of motion): 

Let $ be a potential function, then we have outside the considered 
eylindrical space: 

VEREIN N ee ee Be 
and inside it 
Vz ze 


where v*(y,2) indicates the value of Y%y at the point at the back 
of the body with the y- and z-coordinates: y,z. Here $(z, y, 2) 
is defined by the following conditions (that follow from the equation 
of continuity): 

AU: Fin. TER we 


further at the front of the body: 


Sn = Hase), .- sl a, . (142) 
and at the back: 


he sie & 77 Be 
3 ..0y Oz See a 


At the back of the body we have 


v=U (parallel to the waxis) . . . . (15) 
Here the fluid stieks to the body. At the front on the contrary only 


C.W. OSEEN, Beiträge zur Hydrodynamik I, Ann. de Phys. 46, p. 231, 1915. 
In the following papers (p: 623 and 1130) Oskrx treats the properties of the 
solution of the non-simplified equations. These are written in the form: 


OV 1 
RE FED +07 )-uAv=A 
2 - 
Then the vector A=7» (VXW) is treated as “external: force”. In’ the paper of 


p- 231 A has not been considered. 
) C. W. Osken, Ann. d. Phys., l.c. p. 249. 


1093 


tae normal component of the veloeity of the fluid has to correspond 
to the normal component of the velocity of the body ; the tangential 
veloeity is not bound, so that generally the- fluid will slip along the 
body. Here a boundary layer exists, and vortieity is formed '). 

| have tried to represent this solution for the case of the two- 
dimensional flow along a cylinder with eircular section. The 
radius of the eylinder and the velocity U have both been taken 
—_4. The vortex domain lies therefore between y= + 1 and 
y=—-1. Equation- (14c) gives then: dvy*/dy=0; and as on the 
z-axis vy* = 0 (because of the symmetry) we have everywhere 
2, 0, On he ine’ +1 v changes abruptly by the amount: 


1—v*: between y= +1 andy=—1 the vortieity is: 
= 16 
We) 
= (16) 
In order to find an approximate value for g, I have put: 

N A„cosnd ? 

a re re) 
1 nr?" 


(#—0 is the point most in front of the eirdle, where e= +1; 
at tbe opposite point =). Then the boundary conditions (145) 
and (14c) become: 


PL r N 
ee > A,csn4—=cs0 . . . (18%) 
. f) 
a In N 
ER EZ (n+1) Ancos(n+1)0=0 . (18°) 
0 


By means of the method of least squares a solution has been 
sought that for a given value of N satisfies as well as possible 
(18a) and (185). For N=3 is found in this way: 


A, = + 0,374 
A, = + 0,375 
A, = + 0,248 
4A, = + 0,086 


With the aid of these numbers fig. 13 has been drawn for the 
absolute flow and fig. 14 for the relative flow. | 


1) L.c. p. 252; further also p. 623 and 1144. 

OsSEEN considers moreover the following simple cases (l.e. p. 249/250): 

a. Body illimited in backward direetion (the thickness has: no maximum: at a 
finite distance). Everywhere outside the body we have irrotational motion, defined by 
(13a), (14a) and (14). | 

b. Body illimited in front direction. Then a solution of (14a) and (1&c) is given 
by: p=0 (we have no front, so that (14) vanishes). Outside the cylinder 
v= 0; insid v=U. 
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Fig. 12—14. Flow caused by a cylinder frR =», 
calculated with the formulae of OsEEn. 


Fig. 12. Vortex layers. 


Fig. 13. Absolute flow. 


ee SH Aue 
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Fig. 14. Relative flow. 


At a great distance from the cylinder we have a radial current, 
which displaces totally: 2” A,—=2,35, this amount comes back in 
‚the wake stream between y—= +1 and y=-— 1. In the wake at 
a great distance from the cylinder 79 may be neglected, so that 
v=1-—-v*, and 


1 


2 fa (1—v*) — 2,36. 
o 
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The value of v* proves to be <“0, so that the veloeity in the 
wake is >1. In the image of the relative flow a forward current 
is therefore formed. The stream line for #=0 follows the x-axis 
for 2>1, the eircle until about 4 = # 90°, then it leaves this and 
approaches asymptotically to the lines y= = 1,18. 

As further dv*/dy<O for y >0 the direction of rotation of the 
vortieity is here opposite to that in the boundary layry=-+1'). 


$ 7. Application of a method of calculation of BoussinzsgQ. 

The limiting flow of Oswen we discussed above is very different 
from the flow which usually takes place in a fluid with infinite- 
simal frietion. The most typical particularity in the case of ÖsEEN 
is the diseontinuity of v at a eylindrical surface that surrounds the 
body. The form of the surface of discontinuity is determined by the 
way in which the convection of the vortex motion has been caleulated: 
the vortieity moves in the direction of the x-axis with the translational 
current U only, so that it extends from the thickest part of the 
body backward inan infinitesimally thin layer (fig. 12). When however 
we attend to the elementary description of the initial development 
motion of the ($ 3)*) we should expect for agreat velocity and a small » 
that the thin vortex layer at the surface of the body is slept back- 
ward by the current along that surface viz. towards the point where 


1) The degree of inaccuracy of this solution may be estimated by caleulating the 
value of the stream function Y,,, for r=1 and #= 90°; it has the value 0,933 
instead of 1,000. Further the values of v, are for 4= 90°, 120°, 150° and 180° 
resp.: 0,126, 0,074, 0,034 and 0, instead of all being O0. In order to avoid diffi- 
culties the figures have been a little shaped. 

An approximation to N=10, gave for A, till Ayo resp.: 

+ 0,366; + 0,419; + 0,240; + 0,024; — 0,059; 20,019; 
+ 0,028; + 0,020; — 0,011; — 0,021; — 0,010. 
From tbis follows: 
er rer 9 — 90° : 0,977 


v, for 6 = 90° (therefore y=1): 0,018. 
In this case we have: 
aA,= 1,149; 2A, = 2,30. 

The general character of the motion therefore does not change by this closer 
approximation. 

2) Also in the limiting case of Osern the original flow, when it starts from 
the state of rest, is the ordinary irrotational motion. According to Ann. d. Phys., 
l.c. p. 246/247 the flow outside the space described by the body is everywhere 


179 
irrotational; the potential p is determined by: Ap=0; are U cos (nx) at 
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the eurrent originally closes, and that it moves further in the 
direction of the axis of the enrrent behind the body. Approximately 
it will be eonfined to a small paraboloid round that axis and the 
whole vortex region may be roughly represented by fig. 15. 

In the limiting case R=» the vortex layer at tlıe body will 
be infinitely thin and the paraboloid will contract to the axis (see 
fig. 16). The vortices from opposite parts of the surface of the body 
having opposite signs, they will soon vanish in the axis. In the 
limiting case R= » we have therefore everywhere outside the body 
irrotational motion, while at the surface of the body an infinitesimal 
vortex layer is found'). The potential Y of the current is determined 
by the ordinary condition: 


Ne U 
On 


for the absolute flow along the whole surface of the body. When 
we wish to obtain a corresponding representation of the vortieity 
distribution and yet to use as in Oskrn’s solution a linear equation, 
equation (4) must be replaced by: 
Ow 
Tr AWlW-V)W 1 EA ae 
where v, is written for a known current, which at a great distance 
from the body approaches the parallel current U, following however 
the surface of the body in its immediate neighbourhood. 
For v, we may e.g. take the ordinary irrotational current. In this 
case (20) changes into an equation applied by Boussinzsg in the 
caleulation of the transport of heat by a moving fluid®). It is 


h () Op 07 
the front; EReReT = en cos(n&k) at the back of the body. Behind the body we 


therefore have: 


- 
T 


” Op OU 
Gh 5 dt 3 er = U (t) cos (n«). 
0 


As soon as the body is set into motion we shall have over the whole surface 


In U cos (nx), so that @ is the ordinary potential; the space outside the region 


deseribed by the body is then the whole space outside the.body, hence every- 


where v= Vo, 
!) Perh -axi in \ A 
nee | aps the x-axis behind the body must be regarded as a singular line in 


?) J. Boussinzsgq, Journa de Liouville (6) 1, p. 285, 1905. See also: A. Russkuı, 


Phil. Mag. (6) 20, p. 591, 1910, and L.V.K | 
p. 373, 1914. D . Y. Kıns, Phil. Trans. London A 214, 
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evident that neither this choice of v nor the method of Osken gives 
the true convection of the vortieity along the surface, as the con- 
vection velocity must sink to zero there, which is not the case with 
the value of v, taken above. | 
Boussinesg has shown that for the stationary two dimensional 
flow equation (20) takes a simple form, when we take as coordinates 
the stream function and the potential of the flow v, (here the relative 
flow image is used). When as in the notation of Boussinesg Ua is 
_ written for the stream-function, Uß for the potential, then the equation 


ww . O’w 08 dw OB dw 
ei). 
becomes: 
oe w O’w m 
te) 
or: $ 
dw » ww  O’w a 
EN 


A diffieulty in the solution of this equation is that the boundary 
conditions are expressed in v and not in w. The limiting case 
however treated by Boussinesg himself in the problem of heat 
transport ') is simple: v/U is very small (this involves a very great 
R), so that the vortex motion is confined to a very thin boundary 
layer and the derivative of a quantity with respect to «a (viz. in a 
direction perpendicular to the boundary layer) will be much greater 
than the derivative with respect to & (in the direction of the boun- 
dary layer). 

Then we may assume: 


ee 0} . . . . . . . 29 
5 Vie = 
and also: 
0v, 
el . . . . . . . . 283 
w Te (23) 


where », is the (true) velocity in the boundary layer parallel to 
the surface. 

By means of these formulae we can calculate the distribution of 
the vortieity and the current in the boundary layer, when we suppose 
the velocity outside the boundary layer to be known. In analogy 


1) J. Boussinesg, l.c. p. 295/296. — Boussinesg also treats the problem for a 
solid of rotation (p. 305). In thecaleulation of the heat transport Kına uses the 
complete equation (21) (l.c.) 

71 

Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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Fig. 1518. Flow produced by a cylinder for a hish value of R, 
calculated according to the method of $ 7 and 8 10. 


REEHSPERERFERH 


Fig. 15. Distribution of the vorticity. 


Fig. 16. Limit of fig. 15 for R=». 


‚ Fig. 18. Relative flow. 
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with the above we shall assume an ordinary irrotational current 
to exist outside the boundary layer. 

From the caleulation we see that an reversion of the direction of 
the flow may take place in the boundary layer, when the outside 
motion is retarded. In this case a counter current will be formed 
behind the body and the. current coming from tlıe ‚front leaves 
the surface at a certain point. The place of this point depends on 
the form of the body but not on R. The thickness of the layer, in 
which these currents take place proves to be proportional to Vod/Ü, 
where d is a dimension of the body; the relative thickness is 


therefore of the order: Ber In these two points 
d By Rh 

there is a qualitative agreement with the exact method of PRANDTL; 

there is however no quantitative agreement. 

For the details of the caleulation see $10. The distribution of the 
vortieity has been represented schematically in the above mentioned 
fig. 15; fig. 17 gives a sketch of the image of the absolute flow; 
fig. 18 of that of the relative flow. 


$ 8. The method of Pranprı. 

The method of PranptL and his collaborators is the only method 
of caleulation in which equation (4) is not reduced artificially to a 
linear equation, but where directly a solution of the quadratic 
eguation is sought for‘). A detailed discussion of this method cannot 
be given here; a few remarks only may find place: 

a. The method has been worked out for the two-dimensional 
and for the axial-symmetrical three-dimensional flow, for high values 
of R, so that the boundary layer is thin. 

b. Because of this last circumstance PranptL simplifies EuLer’s 
equation to: 

Ov, Ov, Ov, 1 dp O®v, 
en En a: - 
where the x-axis has been taken parallel to the surface of the 
body, and the y-axis perpendicular to it. The pressure p is given 
by the state outside the boundary layer and can be treated in this 


(24) 


1) L. Pranprz, Ueber Flüssigkeitsbewegung bei sehr kleiner Reibung, Verhandl. 
d. II. internat. Mathematiker-Kongresses, Heidelberg 1904, p. 484. 
H. Brasıus, Zeitschr. f. Math. u. Phys. 56, p. 1, 1908 (dissert. Göttingen 1907) 
‘en ibidem 58, p. 225, 1910. 
E. Boutze, Dissert. Göttingen 1908. 
K. Hıruenz, Dinglers Polytechn. Journal 326, p. 321, 1911. 
ı* 
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layer as independent of y, v, and v, are connected by the equa- 


tion of continuity. 


ov, 
For the vorticity w = — ” we therefore have: 
dw dw Ow 5) 
Peer) N 20 we ed are Bee: 
rn (Mu +n, (25) 


ec. From the solutions of the equations (which for the greater 
part must be obtained by numerical approximation) we find that in 
the case of a retarded flow outside the boundary layer, there is a 
point in this layer where the direction of the flow is reversed, SO 
that counter eurrents are formed and the eurrent coming from the 
frontside leaves the surface. The place of this point is independent 
from R. 

The dimensions of the boundary layer in the direction of y are 


Lyra 
given by the form of the body and are proportional to TR times 


the dimensions of the body. 

Thus we find by both these methods (of $ 7 and $ 8) that for 
high values of R a vortex sheet leaves the surface of the body at 
both sides (eventually round the body) and emerges into the fluid 
as has been indicated by Ostern. For increasing values of AR howe- 
ver this sheet evidently does not only become thinner so that it 
approaches to a surface of discontinuity, but it fits more elosely 
round the body so that the irrotational motion outside gradually 
extends over a greater space and finally becomes the ordinary 
irrotational flow '). 


$ 9. Remark on the motion for mean values of R. 

The caleulation according to the methods of $ 6—8 teaches that 
for high values of AR there is formed behind the body a forward 
current opposite to the original direction of the eurrent, which is 
in agreement with the experimental results’). For R—0 this does 


!) The considered bodies must not have sharp edges (as was demanded in $1). 
Therefore the above remark does not say anything against HrLmHoLtz’s disconti- 
. nuous flow along a plate with sharp edges. 

?) In-the image of the absolute flow the velocity immediately behind the body 
is greater than U (the fluid “overtakes” the body), the stream-lines must therefore 
be packed more closely together than in the original parallel flow. As to the 


distribution of the vortieity: at the back of the body we have a layer of “opposite” 
vortex motion (see above $ 3, II). 3 


Fig. 19—21. Sketch of the flow produced by a cylinder for a 
Sa value of R. 


Fig. 19. Distribution of the AA 


EI 


ea) 


Fig. 20. Absolute flow. 


Fig. 21. Relative flow. 
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Fig. 22—24. Sketch of the flow produced by a cylinder for a 
mean value of R (but higher than for fig. 19—21). 


Fig. 23. Absolute flow. 


Fig. 24. Relative flow. 
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not occur'!), so that the question arises: when does this reversion 
of the flow begin, is it connected with a definite value of RP? 
Further, how far does the region of the counter currents extend; 
is it at first a thin layer which becomes thicker with increasing AR 
-and which afterwards diminishes again? That the length is finite, 
is proved by the consideration that the differences in velocity are 
finally quite dissolved by the frietion, so that in the axis the current 
must reassume the original direction. | | 

A second question is the following: in the image of the absolute 
flow the stream lines are not closed aceording to SToKEs and ÖsEkN - 
Lam, but they are for the ordinary irrotational motion (the limiting 
eurrent of $$ 7 and 8). Where is the passage from one case to 
the other ? 

The figures 19— 24 are meant as a possible interpolation between 
the considered limiting cases (they have been sketched for the two- 
dimensional case). Of course they can by no means claim the name 
of approximation ?). 

Such flows are observed at the beginning of the motion. Afier- 
wards they change into a more or less irregular motion. It is 
not known for which value of R the lability of the laminar one 
begins ’). 


$ 10. Application of the method of $ 7 to the calculation of 
the difusion and the convection of the vortieity in the irrotational motion. 
I. Notation. U=veloeity of the indisturbed parallel eurrent; v, I= 
velocity of the irrotational motion, vU=veloeity of the fluid in the 


ı) In the following cases: flow of STOKES round a sphere; of OskEn 
round a sphere and round a cylinder; and of Burezss round a sphere (see the 
quotations of $ 5) we see from the formulae given by the authors that in the 
image of relative flow the velocity v on the axis behind the body has the same 
value as that of the original current U. 

3) The distribution of the vorticity given in the figures has not been derived by 
ealeulation from the distribution of the velocities; they were only sketched on 
view. Fig. 22 gives the beginning contraction of the vortices to a vortex sheet. 
In Fig. 24 the length of the domain of the counter currents has: been left 
undetermined. 

Theoretical and experimental investigations on the flow produced by a sphere 
for medium values of R in a space bounded by solid walls have been made by 
w. E. Wıntams, Phil. Mag. (6) 29, p. 526, 1915. In the paper several photo’s 
and drawings are represented. 

s) The “coagulation” of the vorticity cannot increase or decrease its quantity. 
Therefore even in the real, turbulent flow the “wake” inust remain of finite length. 
The figures 22--24 may be said to represent the “mean state” of the fluctuating 


eurrent. 
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boundary layer (parallel to the surface), wU — vortieity. Further 
aU is written for the stream function of v, U, and PU for the 
potential. 

The stream line @=0 is the line of symmetry of the motion; 
in front of the body it splits into two branches. These two unite 
again at the back of the body. At the branch points the values of 
ß are 8, and £,. For a eircular cylinder we have f.i. (when the 
radius of the section is a): 


«=y[1 5) i #=a(1 +5). 
r 7 
The line «—=0 consists of the «-axis (y = 0) and the eircle (r = a); 
at the points of intersection »— # a, 80 that: 
Be —2a BD, 
II. The differential equation for the vortex motion in the boun- 
dary layer is: 
dw _v Orw 
98° Ude’ 
which is a shortened form of equation (21). When the latter was 
derived from equation (20*) it has been divided by: 


a A We 

which quantity is different from zero everywhere but at the points 
ß, and ß,, where the stream line «—=0 splits. When at these points 
(21) is satisfied, then necessarily the original equation (20*) is also 
satistied. In the neighbourhood of these two points — at least in 
that of 8, — the boundary layer may no longer be treated as infi- 
nitely thin, so that there the simplifiecation of (21) is not allowed; 
in the determination of v too we find here a diffieulty. With increa- 
sing R however the allowable limit of |B—B,| decreases. 

Il. As a solution of (22) we may take for 8, <&<{ß, and for 
«20 (that is for the left side of the surface of {he body): 


(22) 


ONE NET 
Vak (88) 4k (8—8) 


ww — d 


(I) 
B 1 

where k=v/ÜU. Because of the symmetry the same expression may 
hold for the right side of the surface, with the opposite sign. 

A($) determines the quantity of vortieity that leaves the surface 
in the neighbourhood of the point B—=$ in unit of time: it diffuses 
in the direction perpendicular to the surface and ehe same 
time it is washed backward in the direction parallel to the sur- 
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face. A is determined by the boundary condition for v. When the 
boundary layer is suffieiently thin (as has heen assumed), we have 
at all its points, except for the nearest neighbourhood of ß, andß,: 


la ale ee) 


where n is the normal to the surface, while V,U denotes the velo- 
eity of the potential current at the foot of the normal, which is a 
function of 8. Then the velocity in the boundary layer is: 


n a& e ß 
1 l a 
v—= — lwdn = — — Iwda = — |d3A(d). Erf ————. (III 
5 JO Br 1 
0 0 Bı 


At the surface (« —=0), v=0; when « increases indefinitely, we 
come outside the boundary layer and we may put v= V,, so that, 


5 
u a) 1. (a ee a A ei 
Bı 
whence A is given by: 
PERLE = 
Ser Re SR ERDE 


IV. Formulae (7), (Z) and (1/1) roughly describe the flow in the 
boundary layer (the veloeity in the direetion perpendicular to the 
surface must be determined with the aid of the equation of conti- 
nuity). From (//J) we can immediately derive the occurring of the 
reversed flow. The values of A at points near ß namely are here 
multiplied by a greater factor than at points situated more towards 
the front, which is especially obvious for small values of «a. At the 
points 8, and ß, V,=0; between these V, has a maximum at a 
point ß„, so that according to (V) A is positive for ® < P„, negative 
for B> Bm. For B>Pm in (ZIl) these negative values of A will 
count more tlıan the positive ones; from a certain value of $ they 
will predominate, so that the sign of V is umwerted. 

When «a approaches zero, we have: 


[u 
A 
e> m =—— [a8 en; 
v, Vr kV, vR—: 
Bı 
so that the point As where the current leaves the surface is given by 
Ps 
A 
fe ———=0 un. RL) 
Vs E 


1106 


From this equation we see that ßs is defined by the function A($), 
viz. by the form of the body; in this equation. % does not occur. 


3 2B 


For the eireular eylinder we have: V’=4— —; A=— —; and 
a a 


8 (a—P)VB+2a 
3V ak a’ 
This expression is zero for ßs= a; l.e. 120° from the most forward 
point of the eirele. This is rather far backward; the experiments 
and the caleulations according to Pranprr’s theory give for this distance 
somewhat less than 90°. This difference is caused by the caleulation 
of the convection, which keeps here a finite velocity up to the 
surface so that ßg is slept along too far by the flow. 
According to (7) the order of magnitude of the thickness of the 
boundary layer is of the order of @a= of the order of VkB= of 


the order of — ‚der of — 
e order 0 \ = the order 0 PR 

V. Values of w and v for BE >B.. 

When we suppose, that (/) and (V) may be used up til?=#,, 
the distribution of w for B>P, is found by the diffusion into each 
other of the two distributions that exist in 8=P, for positive and 
negative values of « respectively (which are equal and opposite). 


w — 


This gives: 
Ba 
A(2) —e B,—$ 
= — Id ————— . eep —— .Erfa een 
z i V ak (B—£) 5 4k(B—8) / 22 4KlB—B,)(B— 8) Gore 


The distribution of the velocity is then found from: 
= [wia. a RL 


where V,U is the velocity of the irrotational motion in the direetion 
of the z-axis (i.e. along the line «—=0). 

With the aid of these formulae the distribution of.the vortieity and 
the flow in the boundary layer have been caleulated by graphical 
integration. In order to obtain everywhere abstract numbers, we 
have put: 

B= Baus = Xa 0 20Vi 
Then (/) and (VI/T) take the form 


a 1 1 
= 75) 8.08, =— 8 C) 


where » and f are numerical quantities. 
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In fig. 25 f(C) has been represented graphically for several 
values of B; C has been set out in vertical direction, / each time 
from the C-line in horizontal direction (viz. parallel to the B-axis). 
The most outward broken line gives the value f=ca. 0,01. The 
“opposite” values of / oceur for small values of Ü between 
B=1 and B=ca 3 

In fig. 26 these distribution curves are given along the circum- 
ference of the eylinder and along the w-axis behind it. Here k/a 
has been taken equal to 0,000625, i.e. R= 3200, though this 
makes the boundary layer already too thick to allow the appro- 
ximation. The thick lines indicate the distribution of the velocity 
for the same values of B. The region of negative velocities extends 
from B=1 till beyond B=5; the limit has not been caleulated, 
as the determination of the integrals by means of the planimeter has 
not been made with sufficient accurateness thereto. 

Fig. 27 gives a sketch of the vortex region and of the stream 
lines of the relative flow. 

Fig. 28 is a sketch of the dimensions of the vortex region for 
RE — 80000 — 25 x 3200; the values of « (and therefore the 
thiekness of the layer) are then divided by 5. 

VI. When we use the complete equation (21) in stead of (22), (/) 
is replaced by an expression with a Besselianfunetion under the 
sign of integration (see the quoted paper of L. V. Kına). 


Physics. — “On geodesic precession.” By Prof. J. A. ScHoUTEn. 
(Communicated by Prof. H. A. LorENT2). 


(Communicated at the meeting of February 26, 1921). 


In a preceeding communication I!) have demonstrated geometrically, 
that a system of axes, moved geodesically along a closed curve in 
a non-euclidean V,, will show a deviation when returned to its 
starting point. For the special case that the linear element of the 
V, is the spacial part of the linear element of SCHWARZSCHILD and 
that the curve is a cirele round the sun with a radius equal to the 
mean radius of the orbit of the earth, this deviation is 0.013" after 
one revolution. 

Now if firstly the fourdimensional problem of the motion of a 
material point in a static gravitational field, neglecting as usual 


[74 
quantities of order R 


mechanics (mechanics with the fundamental theorem: force —= mass 
x geodesic acceleration) in a threedimensional non-euclidean space, 
and if secondly we could demonstrate that a geodesically moving 
system of axes may be regarded in first approximation as an inertial- 
sysiem, than we might conclude for the earth to a deviation of the 
ordinary precession to the amount of 0.013". 

In the mean time Forksr’), starting with the complete linear 
element of SchwarzschiLp, has demonstrated with a fourdimensional 
caleulation, that, apart from other relativity-corrections on the ordinary 
precession, a geodesic precession exists, that is exactly 1'/, X 0.013". 

Now we can show that this difference is caused by the fact, that 
the fourdimensional problem can be reduced then and only then 


to a threedimensional one, when the square of the velocity is of 
; 


‚ could be reduced to a problem of classical 


& 
order Re the square of the real occuring veloeity in general being 


[4 

f order —. 

of order — 
The world-line of a material point is given by the equation: 


e[a=0L. .. ,. 


') Proe Kon. Akad., XXI 1918, p. 533—539, 
?) Proc. Kon. Akad. XXIII, 1921, p. 729. 
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Now if ds: has the form 


de’ — (1- 2 Jar—ar A 2 dat — (i ag “ jirreirdap-a6r (2) 
r Tr 


than (1) can be replaced by 


= I -D-@le- | 
% 8-46) er) (a) a, -® 
ee 


In this equation the second term and the two last terms only 


then can be neglected with respect to the other terms, when 8 
jr 


diN? a? 
and consequently (5) is of order —. Then the equation changes 
P 


fer ai a, ar 


But this is the equation of classical mechanies in a threedimensional 


into 


space with the linear element d/and a potential function U £ .(4) is 
Tr 
‚equivalent to 


(5). 


ou dar v] dar de 
7 dt di 


(UN? a s ; ' 
If 5 and consequenily 6 is of’ order —, which in particular 
r Tr 
holds for the linear element of SchwarzscHiwp, for which B= a, the 
reduction to a threedimensional problem is not possible, at least 
not in this way '). 
Now we will demonstrate, that in the threedimensional problem 


1) Hence the equations derived Proc. Kon. Akad. XXI 1918, 1176—1183 on 


p. 1178—1180 hold only for velocities of order —. 
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a geodesically moving system of axes is under certain conditions an 
inertialsystem. Therefore we firstly write out the equations (4) for 


the linear element dl. 


Since 
7 -—! = 5 =. ersn’d, BE) =" %Y43n? 9, 
r Ertl r p 
Kt — —r’ sind cos ®, Ki — + r’sin 0 0086, . (6) 
op . 


"06 Br; 

art [s]=+: 

the other symbols of CHRISTOFFEL being zero, we have 

En = + =) : — 1, — r sin? 8° — r6° 
r? Tr 7’ 
‚sv j ihr: y As ar (7) 

=rsin Op + 2rsin Orp+ 2r’sin6csdgp6 
=" d—rsindosdyp' + 2rr® 


A motion, satisfying these equations is the eireular motion: 


’ n 
r—=R= constant, zo, a 2 LEERE T HEREIN 


When we consider only motions, deviating little from this eireular 


; BL ® 
one, we can put ın 6 —=1, csd=_ — 9 and neglect in the first 


ud 


equation 7? and #°, in the second one cos and in the third 
one rd. Then these equations pass into: 


ya=lı + ir | 


r 
=ro +29 ee 
0=6 — 0080 y° 


Now we introduce the variables x, y and z by the equations: 


a 
= Ir 
r + 5) | 
a y LEN 
ER ah Se RN 
Fi z 
Ta 


2, %, 2 form a rectangular system of axes moving with a velocity 
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Ro,t along the orbit r=R, the axis of. x having always the direction 
of the radius and the axis of y the direction of the motion. Then 
the equations pass into 


EN. \ s a 


a ae art 1) 
0-54 20, (1-55): ( 
=—2—0)?z 

or 
a j 

a0 kauan oy+3|1-—-—)w’® 
y a N EN EN 
j=-2(1- ,)0@ 
2e— wm 2 


We further pass to a system of axes x’, y’, 2’, which revolves with 
respect to @,1y,2 around the ayis of z with an angular velocity ® 
in the sense of y to x, the axis of 2’ coineiding with the axis of z: 


z—= «coswt + y' sin wt 
y= —.a'sin wt + y' cos wt ET 3) 
De 2. 


Then the equations pass into: 


rl 
| 


"+ Duo, (1- an) 2’ + 30,1 SE (x cos wt sin wt + y'sin? wt) — 


een) 


Being given a spherical body with centre in the origine of the 
system 2,9, 2 and so small, that the squares of its dimensions may 
be neglected. Then, supposing the body with this neglection to be 
rigid, in the expressions of the moments Em (y’ 2’ — 2’ y’) eyel. the 
terms with #’,y’, 2’ will all contain an inertial product or a difference 
of two equal inertial moments and consequently this terms will 
vanish. The terms with #/, y’ and 2’ then and only then vanish for 


(14) 


en j 
:!=—w’:. 
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every kind of motion with respect to a’, y" and 2’ if » be choosen 
in such way that the terms with «7, y’ and 2’ vanish in the equations 


(14), i.e. if: 
o=0, (1-55) ee eh 


But in this case #’, y’, 2’ is extactly a geodesically moving system 
of axes as I demonstrated in the publication referred to on the 


ra 
first page. After one revolution this system has turned over u 


This can of course also be caleulated in the fourdimensional way. 
Starting with the linear element (2) we find a precession passing 
for B=0 (velocity approaching to zero) in the above calculated 


value = and for ß=a in 1'/, X this value. 


[t is worth observing the ordinary precession gets possibly. also 
another value in relativistie mechanics’ than in classical mechaniecs, 
a possibility pointed out by DE SırTEr. By means of the equations 
given by FokkER it will be possible to calculate the deviation caused 
by this, at least so far as it is not influenced by forces caused by 
the mutual attractions of the parts of the planet. 


\ 


Physics. — Mutual Influence of Neighbouring Fraunhofer Lines” ). 
By Prof. W.-H. Junss. 


(Communicated at the meeting of January 29, 1921.) 


If the hypothesis holds good that the darkness of Fraunhofer lines 
is not a pure absorption effect — as it is commonly supposed to be — 
but chiefly due to anomalous dispersion (showing itself both in mole- 
cular diffusion and irregular ray-eurving), we may expect on theo- 
retical grounds?) that neighbouring Fraunhofer lines will, as a rule, 
seem to repel each other. If, now, such a mutual influence is 
actually found to exist, a mighty support will thus be given to the 
said interpretation of the solar spectrum, as long as it remains 
* impossible to explain that phenomenon on the basis of the current 

view that one is dealing with mere absorption lines. i 

In a communication on “The general relativity theory and the 
solar speetrum”°) we have made use of the already reliable and 
striking results obtained in a preliminary research on the manifes- 
tations of mutual influence of Fraunhofer lines as appearing in the 
limb-eentre displacements measured by Apams‘) about the year 
1910. At my request Dr. P. H. van Crmrerr and Dr. M. Mınnaert. 
have, however, once more examined the same data with the utmost 
care, using still more rigorously defined criteria, in order that every 
trace of bias might be avoided in selecting the lines. Besides, the 
investigation has been extended over the observation son limb-centre 
displacements published by EversHED, Narayana Ayyer and Rovps’) 
in 1914—1916. It will appear that this extension of the field has 
led to a considerable corroboration of the former inferences, so a8 
to put the existence of mutual influence practically beyond doubt. 

Care has been taken, of course, that during the act, of selecting 
lines that would probably be influenced, one was ignorant of the 
observed displacements. Basing ourselves on the conception how, 


ı) This paper is an abstract of an ampler article that has since appeared in the 
Astrophysical Journal 54, 92 (1921). (Note, added January 1922). 

2) Cf. Astroph. Journ. 43, 49—53 (1916). 

3) W. H. Juuıus and P. H. van Cutter. These Proc. 23, 522 (1920). 

4 W. S. Apaus, Astroph. Journal 31, 30 (1910), Mt. Wilson Contrib. No. 43. 

5) Eversuep and Royos, Kodaik. Bull. 39 (1914); Naravanı Avver, Kodaik. 
Bull. 44 (1914); Royos, Kodaik. Bull. 53 (1916). 
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according to the dispersion theory, the asymmetry of the Fraunhofer 
lines originates, we drew up a scheme of criteria which a line and 
its surroundings would have to answer for giving reason to expect 
either an increase or a decrease of its displacement towards the red, 
owing to neighbour lines. In the tables containing the selected lines 
(which will be printed in the Astrophysical Journal) we have men- 
tioned the criteria and considerations applied with each line, as well as 
the direction of the expected effect. Next to these data will be’found 
the actually observed displacements, under one of the headings d, 
or d, according as a repulsion from the violet or from the red side 
(i.e. an increased or a decreased amount of displacement towards 
the red) was expected. 
MOUNT WILSON KODAIKANAL 
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In the diagram abscissae represent wave-lengths, ordinates displa- 
cements, positive when towards the red. The values of d, are cha- 
racterized by full dots, the values of d, by eirclets. 

We have kept the Mount Wilson data separated from te Kodai- 
kanal data in order to ascertain whether these two mutually inde- 
pendent series of observations would yield similar results. 

The outcome is very convineing: in both cases the full dots average 
deeidedly higher than the cirelets, which means that the displace- 
ment towards the red is generally greater for lines with conpaniez 
on the violet side than for lines with companion on the red side. 

We need not wonder at finding some full dots yet to lie low and 
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a few circlets high. Indeed, taking any dispersion line for itself, the 
amount of its displacement towards the red will be determined by 
the shape of the dispersion curve; this, however, does not depend 
exclusively on the positions and intensities of the nearest companion 
lines, but also on the value n, which the index of refraction of the 
medium would have for light of the small spectral region under 
consideration, if- this where free from lines. Since n, varies along 
the speetrum, there will be a corresponding fluetuation of the values 
of the displacements, on which the influence of close neighbouring 
lines superposes itself. Thus we conceive that the two swarms of 
black dots and eirclets must partially penetrate each other. 

Let us next consider numerically, to which extent the displacement 
of a line towards the red is modified, on the'average, by the presence 
of close companions. 

For that purpose we make use of the two curves shown in the 
diagram, which represent the general increase of the displacement 
with wave-lengtb. They are derived for Mount Wilson ') from 450, 
for Kodaikanal from 392 measured displacements. (The second curve 
lies sensibly lower than the first; this may be due to the accidental 
fact that in the Kodaikanal material a greater number of very weak 
lines, showing small displacements, have been included). These curves 
define for every region in the spectrum an average or normal displa- 
cement d,. Now we have calculated for each influenced line the 
value of the expression 


Im Im 
which may be denominated “relative departure”. 

With lines having a companion on the violet side, these depar- 
tures are for the greater part positive, with lines having a com- 
panion on the red-side they are mainly negative, so that the first 
group gives a positive, the second group a negative “sum of departures”. 

From the Mount Wilson data we derive (after applying a correction 
explained in the original paper): 


3 D,—=+ 7,09 (25 lines) and 2 D,= — 7,09 (23 lines) . (l) 
and from the Kodaikanal data 
ip, ron (86r lines) and W2.D,—=— 19,16 (44 lines) . (2) 


Hence the mean value of a relative departure (positive or negative) 
is: 
7,09 + 7,09 + 19,15 + 19,16 
128 


D= — 0,410, 


1) Of. Jusius and van CuTTErT, l.c. 
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which indieates that tbe limb—centre displacement of a line is 
augmented or diminished by as much as ?/, (on an average) of its 
normal amount if another line is near. NE; 

This comparatively great influence can only be explained as arising 
from the modification which the neighbour line brings about in 
the refracting power of the medium. The phenomenon thus proves 
the eflicieney of anomalous dispersion in the sun; it strongly suggests 
that limb-—-centre shifts in general may be chiefly conditioned by 
the shape of the dispersion curve of the gaseous mixture; and this 
inference again vindicates our hypothesis that the distribution of the 
light in Fraunhofer lines is dominated by anomalous dispersion. 

Taking for granted the validity of this interpretation of the solar 
spectrum we should expect, moreover, that in the speetrum of the 
centre of the sun’s disk the Fraunhofer lines will also be generally 
displaced towards the red witli respect to the positions of their cores 
(which are determined by the values of the free periods on the sun), 
and that these shifts will be comparable in magnitude with the 
limb— centre displacements. 

There is strong reason, therefore, to ascribe the observed centre- 
arc displacements perhaps wholly, but at any rate for a considerable 
part, to anomalous dispersion — an explanation, indeed, confirmed 
by the fact that the principal characteristics of these displacements 
are very similar to those of the limb—centre shifts?). 

If we now imagine the observed centre— are displacements to be 
reduced by substracting from them the purely solar displacements 
of the centre lines with respect to their cores (as mentioned above), 
the remaining shifts — if any — will be so small, that the existence 
of a gravitational displacement of the solar line-cores with respect 
to the terrestrial arc lines (expected to amount to from 0,008 A to 
0,014 A in the visible speetrum) appears highly improbable. 

Let us finally try to express numerically with how much confi- 
dence we may assert that the observations really indicate the existence 
of a mutual influence of Fraunhofer lines. 

One might indeed suggest it to be an effeet of mere chance that 
the black dots in our diagram average so much higher than the 
eirclets. The probability of that supposed casual event can be calculated 
according to {he rules of the theory of errors. 

From the equations (1), relating to the Mount Wilson measure- 


ments, it follows that a line having a companion on the violet side 
shows a mean relative departure 


ı) C#. Jurıus and van Cittert. These Proceedings 23, 530 (1921). 
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ER INN: 
D, = — + 0,284, 
v 95 4, 
and a line having a companion on the red side 
BE N.09 | 
en 4705508, 
23 


Supposing, on the other band, that out of the 48 cases we had 
chosen 25 cases without any guiding principle, entirely at random, 
then the probable departure of the mean of those 25 cases would 
5 = 0.066 (in which r, the probable departure 
for a single line, depends on the “precision’” of the entire group, 
and proved to be — 0,329). 

The mean relative. departure D, actually found is, therefore, 
0,284 
0,066 
have been in case of random choice. 

Conformably we find for a line with companion on the red side 
(r’, being = 0,068). 

Der! 


have been r,— 


— 4,30 times as great as the “probable” departure r, would 


The probability that a mean departure D, derived from cases 
selected without guiding principle, would be ineluded between + 4,30r, 
and —4,50r’, or, what is very nearly the same, between + 4,407", 
and — 4,10", (putting r", — 0,067) amounts to ') 

4,4p 


Da 
— fe dt — 0,997, 
ar 


0 
so that only 0,003 in left for the probability that, by mere chance, 
D would lie beyond those limits. 

Applying the same argument to the equations (2) derived from 
the Kodaikanal measurements, which inelude a greater number of 
influenced lines, we find an even much smaller value for the pro- 
bability that the observed considerable separation of the two swarms 
of dots and eirelets would be purely accidental, namely 0,00001. 

Since these latter data have been obtained independently of the 
"Mount Wilson measurements, we may value the probability of the 
coneurrence of those two casualities at 0,003 X 0,00001. 

It has been established, therefore, with a probability of more than 
10° to 1 that the guiding prineiple used in selecting the lines is 


1) Cf. Cuauvener, Spherical and practical astronomy, Vol. II, Table IX A. 
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physically significant, and that neighbouring Fraunhofer lines really 
seem to repel each other. 

We have of course also considered the idea, that this phenomenon, 
although undoubtedly involved in the observational results, might 
be caused by systematie errors in the methods, applied in making, 
or judging, or measuring the photographs. 

The chance, however, for such errors to have appreciably affected 
the result, is very small especially in the case of limb-centre dis- 
placements, because these displacements are usually derived from a 
comparison between photographs, the density and general appearance 
of which have been chosen as similar as possible. If, therefore, in 
estimating the distance between the members of a close pair of 
lines, a systematic error is made owing to their proximity, that 
error will be very nearly the same in the limb spectrum as in the 
centre spectrum, and will thus be eliminated in the limb-centre 
differences. 

As the distance between neighbouring lines is nevertheless found 
to be greater in the limb spectrum than in the centre spectrum, it 
is safe to say that influeneing each other is a true property of 
Fraunhofer lines. This property seems only explainable from the 
point of view of the dispersion theory. 


The skilful collaboration of Dr. van CıTtTert and Dr. MinNnAeRT 
in this research is highly appreciated. 


Utrecht, January 1921. | Heliophysical Observatory. 


Anatomy. — “On the Homology of the M. marsupialis and the 
M. pyramidalis in Mammals”. By D. van Vver. (Communi- 
cated by Prof. L. Bouk). 


(Communicated at the meeting of January 29, 1921). 


The name of M. pyramidalis designates in the Literature of 
Anatomy a muscle found in the lower part of the anterior abdominal 
wall of various classes of mammals. In the following. classes of 
mammals a M. pyramidalis has never been met with: Edentata, 
Glires, Galeopithecidae, Ungulata, Sirenia and Cetaceae; while there 
may be one in Monotremata, Marsupialia, Insectivora, Chiroptera 
and Primates. A M. pyramidalis has also been described in Hyrax 
and in Hyena'). Furthermore Erueneereer and Baum’) describe a 
M. praeputialis in the dog, which they look upon as the thoracie 
portion of. the M. pyramidalis. 

This muscle being always designated by the same name, it is 
evident that it is considered homologous in all the elasses mentioned. 
This, in fact, has been emphatically acknowledged by some writers. 
Eısner ’) e.g. says: “Der M. pyramidalis ist ein typischer und groszer 
Muskel bei den Säugern, die einen Beutelknochen besitzen”. In 
Bronn’s Klassen und Ordnungen ‘) we read: “Dieser zwischen der 
ventralen Wand der Rectusscheide und dem Rectus gelegene Muskel 
ist als der .Muskel des Beutelknochens anzusehen und ist deshalb 
bei den aplacentalen Säugern am stärksten entwickelt’’. WIEDERSREIM 
maintains likewise: “Der Pyramidalis ist der eigentliche Muskel des 
Beutelknochens” ®) and “Bei den aplacentalen Säugethieren d.h. bei 
Monotremen und Beutelthieren ist der M. pyramidalis im Anschlusz 
an die Beutelknochen gewaltig entwickelt’ °). Of the same opinion 
are, amongst others, also GHGENBAUR, BARDETEBEN, RAUBER and TestuT. 
Only Lor#’) records that CHUDZINSKY holds another opinion, without 
mentioning, however, what it actually is. 


1) Bronn’s Klassen und Ordnungen. Mammalia Il. pg. 788 sqq. 

2) ELLENBERGER und Baum. Anatomie des Hundes, p. 167. 

3) EısLeR. Die Muskeln des Stammes, p. 585. 

4) BRoNN l.c. 

5) Wiırpersheim. Vergleichende Anatomie der Wirbeltiere, p. 244. 

6) e . Der Bau der Menschen als Zeugnis für seine Vergangenheit. 

7) Loru. Muskelsystem. des Negers. p. 98; Studien und Forschungen zur Menschen- 


und Völkerkunde IX. 1912. 
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Be this as it may, no evidence has as yet been brought forward 
for the homology of this musele in placental and aplacental mam- 
malia, i.e. of M. pyramidalis and M. marsupialis: the mere fact 
that the M. marsupialis of the aplacental mammalia occupies a place 
similar to that of the M. pyramidalis of tbe other mammalia, and 
that both are enelosed in the rectus-sheath, can hardly be deemed 
sufficient evidence for the homology. 

In this paper we publish the results of an inquiry into the 
validity of this homology-hypothesis. 

The M. marsupialis generally arises from the medial border of 
the os marsupiale, the lower fibers of the muscle running more or 
less transversally, while those situated more proximally slope upward 
towards the linea alba. This muscle lies before the M. rectus, being 
separated from it only by a thin layer of loose connective tissue. 
However, it seems that the M. marsupialis does not always lie before 
the M. rectus, as W. Vrouik ') discovered that in Dendrolagus 
inustus the M. pyramidalis was covered by the right abdominal 
muscle. 

The other abdominal museles of the marsupials run as follows: 
The M. obliquus externus always passes along in front of the M. 
rectus and in front of the M. marsupialis. The course of the M. 
obliquus internus, however, varies just as that of the M. transversus. 
A general view of it is given in the diagrams in Fig. 1, which 
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show the succession of the various muscles in a longitudinal section 
of the inferior part of the abdomen. 

With Phascologale penicillata (fig. 1c) the following relation exists: 
The inferior portion of the M. obliquus internus inserts itself into 
the lateral border of the Os marsupiale; the superior portion, unable 
to attach itself to the Os marsupiale, extends along the upper border 
of the M. marsüupialis and is inserted into the linea alba. Moreover 
a leaf is split from the aponeurosis, which passes with the aponeurosis 
of the M. transversus behind the M. reetus. With Belideus ariel the 
course of the M. obliquus internus and M. transversus was the 
same as with Phaseologale. Here also the M. marsupialis lies in 
front of the M. reetus, the muscle-fibers, however, follow a more 
oblique, proximal course than in the case of Phascologale. 

Between M. marsupialis and M. reetus of Petrogale penieillata 
(fig. 1a) runs the anterior leaf of the aponeurosis of the M. trans- 
versus; this splitting into an anterior and a posterior leaf takes place 
only in the inferior portion of the M. transversus. More towards 
the eranium {he M. transversus continues unsplit behind the M. 
reetus. The M. obliquus internus of this animal does not continue 
between M. marsupialis and aponeurosis of the M. transversus, but 
follows the latter muscle behind the M. rectus. In Petrogale 
xanthopus Parsons ') found nearly the same condition: “The internal 
oblique is inserted into the last three ribs, dorsal to the lateral line 
of the body it is fleshy, while ventrally it becomes aponeurotic and 
blends with the transversalis. The transversalis.... passes in the 
anterior two thirds of the abdomen deep to the rectus, in the posterior 
third it splits to enclose that muscle”. 

On the M. obliquus internus and M. transversus of Didelphys 
virginiana Erziorr Cours?) writes: «The lower border (of the internal 
oblique) is fleshy and stretches nearly borizontally inward from 
Poupart’s ligament to the upper part of the marsupial bone, a stout 
bundle of fibres being inserted into the tip of that bone. The rest 
of the muscle passes more and more directly upward, till its 
posterior part is vertieal. Its anterior margin ends along a linea 
semilunaris by blending the aponeurosis with that of the transversalis’””. 
Of the latter muscle Couss says: “There is no splitting of the 
aponeurosis to get outside the rectus below” (fig. 12). 


1) Parsons. On the anatomy of Petrogale xanthopus. Proceedings of the Zoolo- 
gical Society of London. June 16, 189%. 

2) Eruiorr Coues. The osteology and myology of Didelphys.;Virginiana. Memoirs 
of the Boston Society of Natural History, Vol. II. Part. 1 1872. 


1122 


GRGENBAUR!) writes of the M. pyramidalis — also of that of 
the Monotremata and of the Marsupials: — “allein seine Lage nicht 
nur, sondern vielmehr sein Anschlusz an den Rectus so wie der 
Einschlusz in eine mit dem Rectus gemeinsame Scheide macht seine 
Entstehung aus dem Rectus wahrscheinlich und verweist auf die 
Thatsache, dasz bereits bei Amphibien mehrfache Rectus-bildungen 
vorkommen, von welchen die oberflächliche der Metamerie entbehrt, 
gleich dem Pyramidalis der Säugethiere, welcher auch nicht mit 
Unrecht als vorderer Rectus unterscheiden ward”. Also in ErLiorr 
Covrs’s inquiry, quoted above, we find a differentiation between a 
M. rectus externus and internus. This view is not plausible as 
regards the M. marsupialis. As appears from the diagram of the 
abdominal wall of Petrogale (fig. 1a) a leaf of tlıe aponeurosis of 
the M. transversus passes between M. rectus and M. marsupialis. 
This renders it highly improbable that the M. marsupialis should 
arise from the M. rectus. The diagrams of Phascologale and Belideus 
(fig. 1c) also show that the M. marsupialis is not exactly invested 
by the reetus-sheath — which according to GEGENBAUR would speak 
for its arising from the M. reetus — but that it rather constitutes 
a part of tbe sheath itself. The M. obliquus internus does not play 
a part in the formation of the frontal leaf of the vagina muse. 
recti, owing to its insertion into the lateral border of the Os marsu- 
piale; now it is just the M. marsupialis which completes that same 
part of the rectus-sheath. Again, the fibres of the inferior part of 
tbe M. marsupialis run at a right angle to the M. rectus which, 
though this is not a cogent proof of the reverse, renders it by no 
means plausible they should arise from the M. rectus. 

The fibre-course of the M. marsupialis corresponds much more 
to that of the M. obliquus internus. The fact that the M. marsu- 
pialis completes, as it were, the M. obliquus internus, and the location 
of this muscle between the M. obliquus externus and M. transversus 
— which appears above all in Petrogale (fig. 1a) — renders it more 
probable that the M. marsupialis is a part ofthe M. obliquus internus. 
This conception helps us to realise the eondition deseribed by VROLIK 
that the M. rectus overlies the M. pyramidalis of Dendrolagus inustus, 
such being not at all extraordinary for a part of the M. obliquus 
internus ?). 


This has been cJearly demonstrated in a Didelphys marsupialis (fig. 2). 


!) GEGENBAUER. Vergleichende Anatomie, I. 1898 p. 664. 

?2) For the course of the abdominal muscles relative to the M. rectus 
to W. A. Mussers: “Over den bouw van den musculeuzen b 
Kon. Akad. v. Wet. A’dam 14 Mei 1915. 


we refer 
uikwand der Primaten.” 
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The lower portion of the M. obliquus internus is inserted into 
the lateral border of the Os marsupiale; the lower portion of the 
M., marsupiale arises’ from the medial border of this bone. The 
aponeurosis of the middle part of the M. obliquus internus does 
not continue as far as the linea alba, but blends with the upper 
portion of the M.”marsupialis, so that this part of the aponeurosis 
eonstitutes an intermediate tendon between the two muscles. The 
upper part of the M. obliquus internus is inserted into the linea alba 
and the lower ribs. Here, then, there is a close relation between the 
two museles, so that it might be called a Pars marsupialis musculi obliqui 
interni. But in most cases the relation 
between the two museles is less distinet. In 
the deseription VROLIK gives usof Dendrola- 
gus inustus, alluded to above, we read 
that “Zij (de buidelspier) hecht zich aan 
de witte lijn en slaat zich achter het 
marsupiaalbeen om ten einde zich te ver- 
eenigen met de peesplaat van M. obliquus 
internus en transversus.” True, this des- 
eription falls short of elearness, but it is 
not impossible that in Dendralogus a con- 
dition oceurred such as I observed in 
Didelphys marsupialis. 

Various opinions are prevalent concern- 
ing tbe Ossa marsupialia. FLowak ') 
considers them as “Verknöcherungen der 
inneren Sehne der äusseren schrägen 
Bauchmuskel selbst, oder doch innig mit 

. ihr verbunden, und sie fallen daher unter 
der Kategorie der Sesam. beine”. Katz ’) 

Ban speaks of “Ossificationen in einer hintern 

sehnig gedachten Partie des M. Pyrami- 

Fig. 2. . dalis”. Since WiırpersHem ’) undertook 

his extensive inquiries into the pelvic girdle, it is generally received 

that the Oss marsupiale is a strongly developed Epipubis. In the 

matter of homology of ..M. pyramidalis and M. marsupialis, the 
significance of the Os marsupiale is immaterial. 


») Frower. Einleitung in der Osteologie der Säugethiere, 1888 p. 298. 

2) Karz. Zur Kenntniss der Bauchdecke und der mit ihr verknüpften Organe bei 
den Beutelthieren. Zeitschrift für wiss. Zoöl. Bd. 36. 1882. 

s) WıeDersHeIM. Die Phylogenie der Beutelknochen. Zeitschrift für wiss. Zoöl. 
Bd. 53--1882. (Suppl.). 
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Now concerning the M. pyramidalis the following facts may be 
pointed out. 

The M. pyramidalis in man is a small triangular muscle in. the 
anterior abdominal wall, arising from the pubie cerest in front of 
tbe reetus musele. It is directed obliquely upwards, to be inserted 
for a variable distance into the linea alba. Some superficial fibers 
are also inserted into the posterior side of the ventral leaf of the 
rectus-sheath '). This muscle is lodged right in front of the M. rectus 
and is separated from it only by a thin layer of loose connective 
tissue. Yet the connective tissue between the two muscles sometimes 
seems to become a solid membrane, for we read in Eıster’s,’) work: 
“In der Regel findet sich zwischen Pyramidalis und Rectus nur 
eine dünne Schicht lockeren Bindegewebes, doch schiebt sich gele- 
gentlich von latera her ein aponeurolisches von der ventralen Reetus 
scheidewand im besonderen von der Aponeurose des M. transversus 
abdominis abgespaltenes Blatt zwischen beide, ohne aber eine voll- 
ständige Abschlieszung des Pyramidalis herzustellen”. 

Krause ’) maintains even that the latter condition is the rule. Since, 
however, the obturation (Abschlieszung) as EısLer remarks, js never 
complete, and occurs only exceptionally, anyhow is not constant by 


far, -— witness the different opinions prevailing in this respeet — 
it does not seem probable that the obturalion is effected by a true 
aponeurosis. 


The M. pyramidalis is lacking bilaterally in #16 °/, ofthe Euro- 
peans, in half the other cases it occurs only unilaterally. Further- 
more the M. pyramidalis is absent in approximately 10°/, of the 
Negroes and 4°/, of the Japanese. 

The following remarks are still given by SAanToRINI, CRUVEILHIER, 
Qua and GmeenBaur. In the absence of the M. pyramidalis the 
caudal end of the M. rectus is broader and stronger; conversely, 
MACALISTER ‘) reports that the insertion of the M. recetus is narrow 
when the M. pyramidalis is strongly developed. We shall see that 
these relations are of some consequence. 

In man the aponeurosis of the M. obliquus internus eontinnes as 
far as the linea alba, without any junction between this aponeurosis 
and the M. pyramidalis, as in the case of Didelphys. The direction 
of the fibres of M. pyramidalis and of M. obliquus internus differs 
rather much; moreover the aponeurosis of the M. transversus is 

!) Eister. Die Muskeln des Stammes. p. 572. 

3) Ester l.c. 


°) Krause. Handbuch der menschlichen Anatomie, 1879 Ba II, p. 242 
*) EisLer l.c. p. 574. ‚ P- ä 
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Iying between the two muscles. For these several reasons we cannot 
consider also the M. pyramidalis as a portion of the M. obliquus 
internus, as the M. marsupialis is. From this it follows again that 
the M. pyramidalis and the M. marsupialis cannot be homologous. 

What then is the significance of the M pyramidalis of the Mono- 
delphys? An answer to this question will be found in the following 
record of an investigation into the mode of insertion of the M rectus 
abdominis in some mammalia. In Tarsius spectrum the Os pubis 
presents onlya small place for insertion, which is narrower than the 
breadth of the muscle. The insertion is. nevertheless effected over 
the whole breadth of the muscle because the inferior part of the 
M. rectus bends round anteriorly and laterally at the linea alba, 
so that a small triangular portion of the muscle is disposed in front 
of the larger unbent portion of the M rectus. This portion bears 
a close reseinblance to a M. pyramidalis; however, it has not an 
insertion of its own into the linea alba, but at the linea alba its 
fibres merge direetly into thuse of the M. rectus. We see then that 
in Tarsius the M. rectus has a U-shaped insertion. However in case, 
through some cause or other, such a triangular piece of muscle 
should become independent and obtain an insertion of its own into 
the linea alba, a M. pyramidalis is originated. In Insectivores such 
a case is encountered in the crossing of the two Mm recti, as des- 
eribed by Lercue'). In the embryo the crossing commences in the 
most caudal part. The Mm recti draw near to the middle line, the 
right M. reetus splits up in two in order to allow the left M. rectus 
to pass (at Talpa europea) or otherwise both Mm. reeti split and 
in this way a more complicate network is formed. The right M. 
reetus then inserts itself into the left Os pubis and the left M. rectus 
into the right Os pubis. As the embryo develops, the process 
continues proximally, until the full-grown condition is reached. In 
an investigation of embryos of Talpa I detected likewise a bending 
of the medial border of the M. reetus anteriorly and laterally ; now 
when the unbent parts of the reetus cross, the triangular anterior 
layer must of necessity be disconneceted from the rest of the M. 
rectus and gets an insertion of its own, in other words it becomes 
a M. pyramendalis. The impossibility of a connection between bent 
and unbent pieces of theM. reetus is dietated here by the eircum- 
stance that the medial border of the M. rectus, along which the 
bending took place anteriorly and laterally, is shifted, after the 
crossing, towards the opposite side. In embryos, in which the 


; 1) Leche. Zur Anatomie der Beckenregion der Insectivera. Kon. Svenska Vet. 
Akad. Handl. Bd 20, N°. 4, 1883. 
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crossing of the Mm. recti began but was not entirely accomplished, 
the bending of the M. reetus is discernible at a certain level, while 
at a lower level, where the crossing had already been partly accom- 
plished, the connection between the two pieces of the M. rectus has 
been abolished. 

How it is that in the Simiae and in man a bent piece of theM. 
reetus is liberated as a M. pyramidalis, is not so easy to under- 
stand as it is in Inseetivora.. But, also in other regions of the human 
system it oceurs that. the portion of a muscle with U-shaped inser- 
tion, the insertion being one of the arms of the U, becomes inde- 
pendent. This e.g. may be the case with tbe pars abdominalis of 
the M. pectoralis major. 

With this exposition of the origin of the M. pyramidalis in man 
several facts are in perfect harmony. First of all the fact that 
Santorinı and other authors have established that the insertion of 
the M. rectus into the Os pubis is narrow, when the M. pyramidalis 
has a broad origin in this skeletal bone and conversely. In agree- 
ment with this is also the fact that some fibres of the M. rectus 
are regularly inserted into the inferior part of the linea alba, as is 
described by Nicase'), as the rectus must of necessity obtain an 
insertion, along the previous line of flexion, into the linea alba, 
when the same happens with the M. pyramidalis. 

Because the funetion of the M. pyramidalis is very iwconsiderable 
this muscle disappears in many cases either on one side or on either 
side, the only indication of its earlier existence and mode of origin 
then being the insertion of fibres of the M. recetus into the inferior 
part of the linea alba. 

The question may be asked why in some animals the insertion 
of the M. rectus is U-shaped. In this respect there may be relation- 
ship between the breadth of the M. rectus on the one side and 
on the other side the dimensions, the form and the size of the 
pelvis i.e. the space for insertion. This, however, requires further 
investigation. We only wish te observe that among the half-apes the 
M. rectus has a simple, recti linear insertion in the Lemurinae and 
that in the other half-apes the M. reetus presents a more compli- 
cated mode of insertion. This, no doubt, has something to do with 
the fact recorded by Weser’) that the Lemurinae have a wide 
pelvis: „Gegenüber dem weiten Becken der Lemurinae, haben die 
nicht-madagassichen Prosimiae ein enges Becken.” 


!) Eıster. Die Muskeln des Stammes, p. 565. 
?2) M. WeBEr. „Die Säugetiere”. p. 747. 


Physics. — “On the deviations of liquid oxygen from the law of 
Curie”. By Prof. W. H. Kexsom. (Communication N’. 8 from 
the Laboratory of Physies and Physical Chemistry of the 
Veterinary College at Utrecht). (Communicated by Prof. H. 
KAMERLINGR ÖNNBS). 


(Communicated at the meeting of February 26, 1921). 


$ 1. Introduction. It will be well-known that the magnetic sus- 
“ ceptibility of gaseous oxygen!) follows the law of Curie | 


DE ER A m a) 
but that for liquid oxygen’) we have the relation 
ERENTO ESTER) 


where A is a constant viz. A= 71. An explanation of this pheno- 
menon has been sought in different ways. 

We may for this liquid base our considerations on the validity 
of the fundamental idea of Langsvin’s theory. Then the deviation 
from the law of Curıe might be caused by: — 

1. a change of the number of elementary magnets e. g. by poly- 
merisation of the oxygen molecules (KamERLINGH ONNES and PERRIER, 
Leiden Comm. N’. 116). More recent experiments baving shown 
that similar deviations also occur in the case of solids, for which 

“such a polymerisation, changing with the temperature, can hardly 
be assumed, we should prefer to find another explanation for oxy- 
gen also. 

9, a decrease of the magnetic moment of the oxygen molecules 
or atoms, either by a slower circulation at lower temperatures of the 
eleetrons which give rise to the magnetic moment or, in the case 
of liquid oxygen, by the influence of the thermie pressure (KAMER- 
Lısen Onnes aud Prerrier, Leiden Comm. N’. 116). More recent 
experiments on the susceptibility of gaseous oxygen down to 147°K. 
on the one hand (KamsrLuneH ‚Onnes and OosterHuis |]. c.) and of 


1) P. Curie. Ann. chim. phys. (7) 5 (1895), p. 289. H. KAMERLINGH ÖNNES 
and E. Oosrteruuıs. Leiden Comm. No. 134d. 

®) H. KAMERLINGH Onnes and A. PERRIER. Leiden Comm. No. 116. These 
Proceedings Vol. XII 1910, p. 799. H. KAMERLINGH Onnes and E. OOSTER- 
nuıs. Leiden Comm. No. 132e. These Proceedings Vol. XV 1913, p. 965. 
For liquid mixtures of oxygen and .nitrogen comp. A. PERRIER and H. KAmEr- 
LINGH Onnes. Leiden Comm. No. 139d. These Proceedings Vol. XVI 1914, p.901. 
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liquid mixtures of oxygen and nitrogen (KAMERLINGH Onnes and 
Prrrier 1. ec.) on the other are not in favour of these explanations. 

3. a change of the field of force, in which the separate oxygen 
moleeules are to be found, by an oppositely acting negative mole- 
cular field (Kamertingn Onnes and PERRIER, Leiden Comm. N’. 139d) '). 

4. a change in the heat motion. We might for instance suppose 
that this motion no longer follows the laws of equipartition, but 
that, in agreement with the quantum-theory with assumption of a 
zeropoint-energy, at low temperatures it neutralizes the magnetisation 
to a higher degree than would be the case if the equipartition laws 
were still valid. (Krusom, Leiden Comm. Suppl. N*. 36c) ?). 

Without further diseussing the arguments for or against the two 
latter ways of explanation, we shall in this paper only treat a 
question put by Prof. KAmkrLinGH ÖNNES on oceasion of disceussions 
held at Leiden on magnetic problems. This question may be formu- 
lated in the following way. Might it not be possible that the occur- 
rence of A in (2) was caused by what is left, when we take the 
statistie mean, from a direeting action of the couples of force, 
exerted by the oxygen molecules on each other when, in a magnetic 
field, the molecules come very near to each other? In our conside- 
rations we shall assume that with suffieient approximation the forces 
exerted by the oxygen molecules on each other may be treated as 
forces exerted by electrie quadrupoles, as has been proved to be 


l) As to R. Gans, Ann. d. Phys. (4) 50, p. 163, 1916, comp. p. 1134, notel. 

?) This hypothesis has first been tried by OOSTERHUIS, Leiden Comm. 
Suppl. No. 31, These Proceedings Vol. XVI (1913), p. 432, for paramag- 
netic salts, afterwards by KEEsoM, Leiden Comm. Suppl. No. 32, These Pro- 
ceedings October 1913, p. 454 and 468, for ferromagnetic substances. More 
recently v. WEIJSSENHOFF (Ann. d. Phys. (4) 49, p. 149, 1916) and especially 
REICHE (Ann. d. Phys. (4) 54, p. 401, 1917) have worked out the hypothesis 
by the methods of the quantum theory which had then been developed much 
further. They found a good agreement with the observations on the suscep- 
tibility of paramagnetic salts, comp. also A. SmERAL, Ann. d. Phys. (4), 57, 
p. 376, 1918. LAnGEVIN too (Proc&s-Verbaux et Resume des Communications 
de la Soc. frang. de physique 1919, p. 18) adheres to this way of explaining 
the deviations from the law of Curie. Especially from the results of the 
investigations on crystal structure with the aid of Röntgen rays we can hardly 
think any longer that in solids molecules rotate, in the heat motion, as a 
whole like elementary magnets in the sense of the “magnetic molecule”, a 
definition of which, in accordance with the ideas of Weiss, has been given 
in Leiden Suppl. No. 32a, p. 11, note 3. Thus we shall have to consider 
parts of the molecule, eventually atoms or parts of atoms, comp. O. STERN, 
Zs. f. Phys. 1, p. 147, 1920. Comp. also W. Lenz, Physik. Zs. p. 613, 1920, 


P. EHRENFEST, Leiden Comm. Suppl. No. 445, These Proceedings Vol. XXIII 
(1921), p. 989. 
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permissible for the explanation of the molecular attraction in the 
equation of state. In this paper it will be shown that very probably 
the answer t6 the above question must be in the negative. 


$ 2. Introductory considerations. 

When in the gaseous state two oxygen molecules come so near 
to each other that there arise mutual forces between them, these 
forces will generally form a couple, so that the molecules have 
a directing influence on each other. When we take the statistical 
mean and when we treat the electrie field of the molecule to the 
first approximation as that of a quadrupole, it is due to this direc- 
ting action that there remains an attraction between the molecules, 
which becomes manifest in the equation of state as the altraction 
term introduced by VAN DER WAALs. ') 

When we desire to investigate what influence this directing 
action will have on the susceptibility, .we must take into consi- 
deration the relative position of the electric quadrupolar axis and the 
magnetie dipolar axis in the oxygen molecules. In doing this we shall 
assume these two axes to have a fixed position in the molecule. 

Then we may distinguish the following three cases: 

a. the magnetic dipolar axis coineides with the quadrupolar 
axis; d. the magnetic dipolar axis is perpendicular to the quadru- 
polar axis and c. they form an arbitrary angle with each other. 

In this paper only the two extreme cases viz. a and db will be treated. 

First we shall consider case a viz. where magnetic axis and 
quadrupolar axis coineide. This assumption would seem the more 
preferable, for all our considerations in this paper will be based 
on the validity of the laws of equipartition, and in that case only 
assumption a gives the right value for the specific heat in the 
gaseous state. 

First we shall investigate the influence on the susceptibility of 
the mutual direeting action, which {he molecules also exert on 
each other because of their quadrupolar forces, when the gas is 
placed in a magnetic field. We may then imagine, that by these 

’ attracting actions all molecules would be 
3 -  anited to form double molecules as has been 
represented in fig. 1 viz. that one of the two 
electric poles of one molecule lies against the 
equator of the other molecule (either one 
magnetic axis, or both may also have direc- 


ip.sh: 
tions opposite to those indicated in the figure). 


) Comp. W. H. Kresom. Comm. No. 65. These Proceedings 23, p. 943. 
183 


Proceedings Royal Acad. Amsterdam. Vol. XXIII. 
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The magnetic moment of the double moleeule will then be 
u, V 2, when that of a single molecule is u,. As in the formula of 
Langsvin for the susceptibility 

b 
ee () 
3 kT 
the number of magnetic molecules is now reduced to half its 
original value, the susceptibility is proved to have remained un- 
changed. . 

It is only when we take into consideration that the directing 
action of the quadrupoles, though the most considerable one for 
small distances between the molecules, is not the only directing 
influence and that at the same time we must consider the directing 
action of the external field or that of the action of the magnetic 
dipoles on each other, that we find a change in the susceptibility. 
The caleulation and discussion of this change will be given in$$3 
and 4 under the assıumption that the quadrupolar axis and the mag- 
netic dipolar axis coincide. In $$ 5 and 6 the case will be treated 
in which these axes are perpendicular to each other. 


$ 3. Spherical quadrupolar molecules, having a magnetic dipolar 
moment in the direction of their quadrupolar axis, in a magnetic field. 

We shall suppose the density of the gas to be such that we have 
only to consider pairs of molecules and single molecules, while 
collisions of three or more molecules are so rare that they may be 
neglected. 

In fig. 2 let OA be the direction of the line connecting the centres 
of the two molecules of a pair, which line we shall draw in the 
direction from the second molecule to the first one. Let OQ, and 
OQ, be the directions of the quadrupolar axes of the first and the 
second molecule, chosen in the sense that OQ, and OQ, at the same 
time indicate the directions of the magnetic axes. Then a pair of 
molecules is characterized and its orientation 
with respect to the magnetic field is defined 
by the coördinates: 


0, 0,,9 0;. 


Here 4 may vary between O0 and z,w 
between O0 and 27, while for r,9,,6, and p 
we may refer to Leiden Comm. Suppl. N®. 
39a 2). u. 

Fig. 2. The potential energy of the pair of mole- 

) These Proceedings 18, p. 636, 1915. 
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cules due to the quadrupolar forces is then, according to the above 
mentioned communication, '): 
‚ 5 


Ug ri ayer . 0) . 0) . . . * (4) £ 


ygwbich ala ro 
PA Bsp Co ie ur: 
and | | 
; A=2(1—3 cos’ 0,) (l—3 cos’ 6,) 
 B=16 sin 0, cos 6, sin , cos O, a ee) 
C= sin? 0, sin? 6, 7 
Here | | 


3,’ 
177 = 4 o® . . . “ o . . . . (7) 


(a, = quadrupolar moment) is the potential energy due to the qua- 
drupolar forces, when the molecules are in contact while the two 
quadrupolar axes are perpendicular to each other and to the line 
connecting the centres’’). 
The potential energy of the pair of molecules due to the magnetic 
dipoles is given by ’°) 
3 


Ya Um; ®? N ie ee. NE) 


in which 


(u, = magnetic dipolar moment), and 
D—2c05 6, 0080, + sind, sin@,0osp -» .» . . (10) 
For the potential energy of the magnetic dipoles in the magnetic 
. field we find 
; a ern JR) 
in which 
DB c08 4 (cos 0, — 005 4,) — sin y|sin 0, cos ww 4 sin d,cos(® + Y)}. (12) 


I) Comp. also these Communications No. 65 8 3, These Proceedings 23, 
p. 943, 1920. As, in this paper, we have only to do with pairs of molecules 
and not with groups of three: and more, we shall simplify the notations for 
the energy by writing for example for the potential energy of a definite pair 
of molecules x, while until: now we have written 51. 
3) In this paper we shall neglect the action of induction between the 
"molecules. In Comm. No. 65 it has been proved that this action is of no 
importance compared with that of the quadrupoles. 

3) Leiden Comm. Suppl..No. 245 8 6. These Proceedings June 1912, p. 256. 

13* 
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The total potential energy of the pair of molecules is then: 


ut u tun. ee (13) 
The two molecules of the pair together contribute to the mag- 
netie moment in the direction of the field 7 the amount: 
RE NEE EN 
The number of pairs of molecules in the element 
dr dy d@, dO, dıy dp 
of the x, 01, 04, ı%, g-hyper-space i8, according to Tieiden Comm. 
Suppl. N’. 245 equation (49): 
Mn Fe =; 
——e sin y sin 6, sin I, dr dy. dO, dd, dydp . . (15) 
16x v 
These pairs contribute to the magnetic moment in the direction 
of A the amount: 


rn n rn 2n 2r 


es SSILE” "or RER sin6,drdy d6, d@, dw dio.(16) 


Here n has been written for the number of molecules in the 


1 
volume v of the gas and A = 
The mean contribution of each single molecule is, when we 


consider only the first two terms in the development: 


ee (Ks 


45 Eat 


Their number is found by diminishing n by twice the expression 
(15), integrated over all variables. The contribution of the single 
molecules added to (16) gives: | 


1 1 
3 nu, » kn, 1 er 5 ER 


Tnnn 2n an 


16 le ar AH, — — 1; AH, lea 


e000 
sin y sin 0, sin 6, dr dy d@, d@, dıp dy. 
| If the mutual action of the quadrupoles and of the dipoles were 
neglected, then these molecules would give a magnetic moment 


that might be obtained from (18) by substituting e”""H for e "*. 


This mutual action thus gives rise to an increase of the magnetic 
moment of the gas. This 'nerease-has the value: 
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o ann an dr 


N Epfu Pal | —huf < 
TRTy za), ie + za 


«0000 (19) 
2 
“38 (RHu,)’ | r? sin 4 sin. 0, sin 0, dr dy d@, dd, dw dp, 


in which we may take © as upper limit for r. For the caleulation 
of (19) we develop the expression in series using (4), (8), and 
ad Viz: 


huf 2 2 8 L 
SE 21 SRH (Au) I) =2+ = hHu, (2 — 332?) — 


(20) 
3 1 5 
_ a, (42-32?) — 30 Er on +152°)... 
RR Bi 0° 0. 
e ı m —-l=—hv,  Whun BR BE m) eo ig 
h2 0° 
+ Av, . hum. Rz YVDo+YL(hun) . — en — — a — ar (21) 


} o!: i f oo! : 1 ; 6° 
—$(hv,) hun Fr Ds hv,.(hvn) a ne a 


We may then caleulate the different terms of (19) separately. 
The term 2 in (20) gives no contribution. 


N: $ 
Only the term: 3 hHn, (2—32°) in (20) can give a contribution 


proportional with H. 

We can easily prove that w!(2—3(2?) where / is a positive 
integer, gives O0 when integrated with respect to % and Ww. 

From this it is evident, that the direeting action of the quadru- 
polar forces on the susceptibilitiy has no influence that might be. 
expressed in (2) by a A independent of A. 

Of the terms written in (21) only %*® and ®° give contribu- 
tions when wmultiplied by 2—3 2°; viz when we put 


1 

Menu... 2) 
a ae. el 98, 

Pi ma, 3” (hv,) y Um: r . 5 R ( a) 


and 
x 1ln4 
Deu ent) Min Heu ae 4 (235) 
5v3 | 


Further %* gives when multiplied by 430.2: 415 2°: 
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Of these contributions AM, is due to the directing action of the 
quadrupoles, AM, to that of the magnetic dipoles, AM,„ to the 
combined action of the quadrupoles and dipoles. They form the first 
terms of developments in ascending powers of h, hence of TI. 


$ 4. The values derived in the preceeding $ for the influence of 
the above mentioned 'mutual direeting actions on the magnetisafion 
become manifest in the susceptibility by the introduction into (2) 
of the terms Agm, Am, Ag. These then become: 


128 n 4 ao) 
eg l L 1 
Aom Da0sts Bune (&) kT es) 
1.934 N 
er SB Te a 
; 7508. (&&) 22 
128: .n:4 7... (a \V TEEN 
PR We ea Rh = VAT 2A 
1 11085» 3 (Gr) (Gr) | er 


The sign of none of these A’s agrees') with that of the A found 
experimentally for liquid oxygen ($ 1). Further Am and A, prove 
to be proportional to 72, A, to 73 and also to 4°, while the 
observations give no indications of such a dependence of A on 7 
and A. 

To form us a better judgment of the magnitude of the influence 
that might be exerted on the susceptibility by the above mentioned 
mutual directing actions we shall calculate, for special eircum- 
stances, the values of the above derived A’s for oxygen. For this 
purpose we may take from Comm. N’. 64°$2: vu, = 5,7 x 10-14 
and 0 = 2,65 x 10-3; further from the same Comm. $3: 1, —=2,6 X 
x. 10-2, so that according to (9): v,. = 3,7 X 10-17, 

Let us consider oxygen in the gaseous state at 90°K. under the 


n 4 
pressure of 1 atm., then SR 0° = 0.0064 and (with k=1,34 x 


V® Um : 
1079): m=WT, 77 9.0030. By this we obtain Am = —0,0022, 
A,=— 2X 10-10, 


When further we put A = 55000, then 7 = 0,12, which gives 
Ag = — 0,002. 
) That the mutual action of the magnetic. dipoles has an effect in the 


opposite direction, has already been remarked by LanGevin l.c. note 2 
p. 1128. This result does not agree with that of Gans l.c. note 1,:p.:1128. 
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From these results we see that even in highly compressed oxygen 
and, as regards to A,, in the strongest fields, these A’s will be 
negligible. 

When we take into consideration that the contributions found in 
(23a) and (23c) are only the first terms in series of ascending powers 
of Av, ($4 the end) and that in our case Av, is about 4.7, then it 
is evidently quite possible that the further terms in that development 
will preponderate. Even then those terms might be almost negligible, 
but further the value of A that we should obtain by using those 
terms would show a still greater dependence ‘on T than was the 
case with the values given in (24) (unless over a certain temperature 
interval a very special compensation might occur). Then it would 
still less agree with a value of A that may be regarded as constant 
throughout a certain temperature region. 

Thus an explanation of the experimental deviation from Curır’s 
law, based on the directing action of the electrostatic forces between 
the molecules seems to be excluded, unless the directing action 
oceurring in the liquid state might preponderate to a special degree. 

In the following $$ will be shown, that this conclusion remains 
valid also when we suppose the magnetic dipolar axis to be per- 
pendieular ') to the quadrupolar axis. 


$ 5. Spherical quadrupolar molecules, with a magnetic dipolar 
moment in a fixed direction perpendieular to the quadrupolar aaıs, 
in a magnetic field. 

In Fig. 3 O0Q, and OQ, again 
represent the directions of the qua- 
drupolar axes of the two molecules. 
The direcetions of the magnetic dipo- 
lar axes have now been indicated 
by OB, and OB,, fixed by the angles 
wo, and w, (from O0 to 2m) and 
DB 97, 

We shall now follow step by step 
the caleulations of $ 3, of the for- 
mulae given there we have only to 
change the following ones. We now 
nn have the coördinates: 


7,0, 01,9 0, 01, @;- 
The potential energy of the pair of molecules due to the mag- 


) Comp. W. Pauui Jr., Physik. Ze. 21, p. 615, 1920. 
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netic dipoles is now given by (8) and (9) if we merely substitute 
in (10) 4,',0,’ and 9’ (fig. 3) for 0,0, and $. 
We thus find: . 
D— 20080, c08w,sind, sind, + cosp (sino,sino, + 6080, 608@,c0s0,c0s0,) + (25) 
+ sin p (cos w, sin w, cos 0, — sin @, 008 @, 608 0,) 
Instead of (12) we obtain 
2 — c0sy (cos w, sin 6, — 005 w, sin 6,) + sin y cos w, cos 0, 008Ww+ | 
; (26) 
+ sino, sin + 008 @, c0s 0, 008 (W + @) + sino, sin(w + p)‘ \ 


1 
(15) is multiplied by en do, dwo,, while (16), (18) and (19) un- 
T 


dergo similar changes, where the integrations with respect to w, 
and w, have to be extended from 0 to 2. 

The term (2 in (20) again gives zero. 

This is also the case with ZW! (2—3 2°), ! being a positive integer, 
so that the conelusion drawn ın $ 3 remains valid here also. 

Again we find contributions due to 2—3 2° multiplied by Y’® 
and ®° viz. 

16 n 4 


Am = on 147 = 3 76° (hv,)’ Avm > M, . v s (27a) 


wbile for AM, (235) is found again, as might have been expected 
for this term is independent of the quadrupolar forces and hence 
the situation of the dipolar axis with respect to the quadrupolar 
axis is without influence on AMn. 

Further %° when multiplied by 4—30 2°? +15 2° gives a con- 
tribution: 
AM, = — 7520: .Ing.(hiu' .M.. . . (27) 

$ 6. The values of A, and A, corresponding to the AM, and 
AM, found in $ 4, may now easily be written down. Both have 
now the sign agreeing with the observations. 

For the eircumstances chosen in $ 4 we have now (for oxygen): 
Agn = 0.0041, A, —= 0.0013. From this we see that the conelusions 
of $ 4 are also valid assuming that the dipolar axis is perpendicular 
to the quadrupolar axis. 


Geology. — “Quaiernary and Tertiary Limestones of North-New 
Guinea between the Tami-, and the Biri-river basıns’. By 
Dr. L. Rurten. (Correspondent of the Academy). 


(Communicated at the meeting of February 26, 1921). 


In arranging the rocks, collected by the New Guinea-Expedition 
of 1903, it appeared that in the coastal region of North-New Guinea 
between the Tami-river and Walckenaers-bay, folded deposits of 
tertiary age and limestones, belonging to a quaternary transgression, 
are widely spread along with old basic eruptive rocks and scarce 
mesozoie sediments '). 

The tertiary deposits have afterwards been found in the region 
of the 141!" meridian comparatively far into the interior: limestones 
with Lepidocyelina were met with in the Upper course of the 
Bewani-river (Basin of the Tami) and of the Keerom-river, about 
66 km. from the coast?). It seems that tertiary deposits play an 
important part in this zone, which lies between the coast and the 
large central plain, through which the affluents of (he Idenburg-river 
are flowing. 

As known, the Mamberamoriver equally breaks — about 300 km. 
to the West — through a young folded mountainrange, called the Van 
Rees-mountains, which are built up chiefly of young tertiary sand- 
stones, shales and limestones with dykes of eruptive rocks. 
Likewise it is known that older, basic eruptiva and . mesozoic 
sediments are of rare oceurrence here’). The strike in the Van 
Rees-mountains is $. 65° to S.E., so it might be expected that the 
tertiary folded mountains could also be found in the region between 
the Van Rees-mountains and the Tami-river, while the a priori 
eonelusion might be made that here indications were tu be found 
of the oecurrence of older basic eruptiva. 

For the “Bataafsche Petroleum-Maatschappij” I recently examined 
a collection of limestones and marls, collected by Dr. W. van Hoıst 


1) A. WıcHmann. Nova Guinea. IV. 1917. 
L. Rurten. Nova Guinea. Vl. 1914. 
2?) L. Schutze. Mitteilungen aus den Deutschen Schutzgebieten. Ergänz. Heft 
11. Berlijn 1914. 
3) J. van GELDER. Jaarb. Mijnw. Nederl. Indie. 1910. Wetensch. Gedeelte. 


p. 87 —112. 
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PELLEKAAN in the territory between Tami- and Biri-river, and 
originating from localities, at the farthest some 50 km. from the 
- shore. The results of this investigation, the publication of en 
was so liberally permitted by the “Bataafsche Petroleum-Maatschappi) F 
evidenced that we were right in supposing that tertiary and especially 
neogene sediments are widely spread over the ‚whole coastal moun- 
tain range between the Tami-, and the Biri-river, while also indi- 
cations were present of the oceurrence of older, basie eruptive rocks. 
What has been stated above will appear from the following 
description of a number of thin sections. 
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Previous investigations tended to show that eocene rocks are of 
rare occurrence in the coastal region of North-New Guinea. Hitherto 
we know only boulders of eocene reeflimestone from the Tawarin- 
river '), which however cannot be derived from the present riverbasin. 
WICHMANN suspects that their mother-rock is to be looked for in the 
territory of the Sermuwai, which rises much farther in the interior °). 

This hypothesis tallies with the fact that the collection Housr 
PELLEKAAN also comprises only two eocene limestones, which were 
found in the river Nanggoi in the South-Nimboran Mountains i.e. in 
the basin of the river Sermuwai. They are two blackish-grey rocks 
of reeflimestone. The one contains Alveolina s.str., the other Alveo- 
lina s.str.,. Lithothamnium, Nummulites ef. Bagalensis Verb. and 
Orthophragmina; their age is doubtless eocene. 

By far the greater number of the collection are of oligomiocene 
age, and belong to the Lepidocyelina-bearing neogene. They all 


!) Nova Guinea. VI. p. 35. 
3) Nova Guinea. IV. p. 266—267. 
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indieate the occurrence of neogene deposits in litoral facies. The 
material examined did not yield sufficient data to make a subdivision 
into older and younger levels. The rocks comprised in this colleetion 
are the following: 

Pure, porous limestone, south of Nafri, Humboldt bay. No terri- 
genous material. Contains: Lepidocycelina cf. Munieri Lem. et Douv., 
Globigerina, ? Cyeloelypeus, ? Carpenteria and Corals. 

Yellowish-grey, highly erystalline limestones from the Singringreng- 
river, south of the Nimboran mountains. Contains large and small 
Lepidocyclinae, Rotalidae and J,ithothamnium. 

Slightliy porous limestone from the Sg. Tung, Botbotna moun- 
tains with small Lepidocyclinae, Miogypsina, ? Carpenteria conoidea 
Rutten, Nummulites ef. Cuminghii Carp., Amphistegina, Operculina, 
? Cyeloclypeus, Rotalidae, Lithothamnium and corals. From Ihe same 
river a greenish gray reeflimestone, including the.same faunula as 
the preceding and besides these fragments of serpentine-grains, 
indieative of the occeurrence in the vieinity of a subsoil of basie 
eruptiva. 

Two yellowish grey reeflimestones from the river Ohung, right 
affluent of the river Sermuwai near the village of Sawe, with Lepi- 
docyclina ef. Munieri Lem. et Douv., Opereulina, Amphistegina, ? 
Cyeloelypeus, Nummulites ef. Cuminghii Carp., ? Carpenteria, Globi- 
gerina, Orbulina, Lithothamnium and corals. 

Four limestones from the river Buarim, southwestern affluent of 
the river Sermuwai with Lepidoceyelina ef. Munieri Lem. et Dour., 
Miogypsina, ? Carpenteria, Amphistegina, Gypsina cf. inhaerens, p 
Planorbulina larvata P. a. J., ? Cycloelypeus, Miliola, Globigerina, 
Lithothamnium, Halimeda and corals. 

A greenish calcareous rock from the river Gise, north of the 
Botbotna-mountains with an abundance of quartzgrains, and few 
plagioclase splinters and serpentine grains. It contains small Lepi- 
docyelinae, ? Cyeloclypeus, Amphistegina, Globigerina and Litho- 
thamnium. 

Different limestone-boulders from conglomerates at the middle 
course of the Biri-river with Lepidocyclina, ? Miogypsina, Hetero- 
stegina, Operculina, Cyeloelypeus, Amphistegina, Globigerina, Carpen- 
teria, Miliola, Lithothamnium, Halimeda and corals. One sample 
contains serpentine grains. 

A reeflimestone from the South-river, upper course of the Iware, 
basin of the Biri, contains Cycloclypeus, Lepidocyelina cf. Munieri 
Lem. et Douv., Heterostegina or Spiroelypeus and corals. 

A very finely cerystalline reeflimestone from Prauw-bivouac, Biri- 
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somewhat considerable deviation from the straight line, as a preli- 
minary plot has shown. In this manner the rectilinear character öf 
the diameter is duly observed and the critical density is found in 
a more rational way than otherwise. 

The equation of the diameter being written in the form 


y=a- bt 
the eoeffieients are found as follows 
a= — 0.063510. 


b = — 0:00039402. 
The 6%, 7th and 8% column of the table refer to this ealeulation ; 
y(C) are the caleulated values of y, O0 — ( the differences, absolute 
and in percentages of y((/) respectively. 


$ 6. Discussion. From the last column it appears that the devia- 
tions from the straight line are usually. small, less than "io, except 
near the critical point, where they rise to almost "wo. The experi- 
mental diameter evidently shows a small hump. A similar hump, 
although very little marked, was previously found with argon, but 
on the other hand it was very pronounced with nitrogen. The 
maximum deviation there amounted to nearly Us. The magnitude 
of this deviation surprised us considerably at the time and made 
us suspect some irregularity in our method of observation or eal- 
eulation as the cause. Since, however, we have now found a hump 
of a similar character, although four times lower, with hydrogen, 
we think we may infer that this result may be due to some 
systematic error, not yet explained, by which in some manner 
(eondensation on the wall?) a not quite correct vapour density is 
observed. 

The slope of the diameter is given by tbe coefficient 

b = — 000039402 

the smallest value so far found for any substance. 

The eritical density as derived from the diameter, using — 239°.91') 
a5 the critical temperature, is 

| Ord = 0.03102 


in complete accordance with the value previously caleulated 0:0310. 
A comparison of this value with the value to be derived from 
the isothermals by means of the equation 


2) (@) 
O7 ),E: AT) cosx.K. 


') These Proceedings 20, p. 178, Leiden Cönum. N°. 151c. 
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(as in the case of argon) could not be made, since isothermals in 
the neighbourhood of the critical point are not available. 
The critical coefficient becomes 


the smallest value yet found for any substance. 

For a ready comparison with other substances of simple molecular 
strueture we subjoin the following table of the critical values, the 
diameter slope and the eritical coefficient, as far as known at the 
time with sufficient accuracy. 

The numbers concerning xenon are taken from the measurements 
of Parrterson, Crıpps and Gar), the others from the Leiden 
measurements. 


| Or Okd - ‚ Kya 
x | + 166 1:155 | 0-003055 | 3-607 
0, | 18-82 | 0-4299 2265 | 3:419 
Ar | —122-44 | 05308 26235 | 3:424 
N; | 141-137 0-3110 1958 | 3-421 
H; | 239-901 | 0°03102 03940 | 3-276 


The data thus obtained, combined with the values of the vapour 
pressure, allow a computation of the heat of evaporation L and 


of the quantity 
d ) A 
Beer ment 
AR TAT). art. T 


(m’ and m being the specific heats of the saturated vapour and the 
liquid respectively). 

In a later paper we hope to eommunicate the results of these 
caleulations not only for hydrogen, but also for oxygen, nitrogen 
and argon. 

For the investigation described in this paper we have had the 
benefit of a grant from the BoNAPARTE-fund allowed by the “Aca- 
d&mie des Sciences’ of Paris, for which we. wish here to express 
our profound gratitude. 


1, H. S. Patterson, R. S. Crırrs and R. W. Grar, London Proc. R, S.86 
(1912) p. 579. 


Geology. — “On the Age of the Tertiary Oil-bearing Deposits a7 
the Peninsula of Klias and Pulu Labuan (N. W. Borneo). 
By Dr. L. Rurren. (Correspondent of the Academy). 


(Communicated at the meeting of February 26, 1921). 


On the geological map of Borneo published by Tu. Posewırz }) 
a broad band of tertiary deposits is marked along the north-west 
coast of the island and on the island of Labuan. It extends 
from South-Serawak to the Northern point of Borneo. It is not 
known to which subdivisions of the Tertiary these deposits generally 
belong. T. BrrLot?) who was the first to report the existence 
of coal on the island of Labuan does not say amything about its 
age. J. MorızY?’) who described the coal formation of Labuan rather 
minutely, is convinced that it is of tertiary age, but he does not 
positively say to which subdivision of the Tertiary it belongs. 
Tr. Poswwırz *), however, records that MortL£y considered the tertiary 
of Labuan to be eocene. C. ScHmipT also says that nearly all older 
writers took the tertiary of Labuan and of the Peninsula of Klias 
to be eocene and even points to the petrographie analogy between 
the deposits of Klias and the rocks of Pulu Laut, to the South-east 
of Borneo°). A. V. Jennines®) described eocene Orbitoids from more 
Southern territories of North-West Borneo; they were found along 
the Barram river near Langusan (Batu Gading) and to the South 
of Barram river (Silungen). Nuwron and HoLLanD’) demonstrated 
that in these southern territories oligomiocene rocks must oceur 
along with eocene rocks; they found in boulders from the Sungei 


Il) Tu. Posewırz. Borneo. Berlin. 1889. 


2) T. BELLOT. On the discovery of coal on the island of Labuan, Borneo. Quart, 
Journ. Geol. Soc. London. 4. 1846. p. 50. 

®) J. Moruer. Report on the geological phenomena on the island of Labuan 
etc. Journ. of the Indian Archipelago VI. 1852. p- 555—573. Cf. also: Quart. 
Journ. Geol. Soc. London 9. 1853, p. 54—57. 

* TH. Posewitz. l.c. Pr 174, 


LEN SCHMIDT. Ueber die Geologie von NW-Borneo_ete. Gerlands Beitr. zur 
Geophysik. VII. 1905. p. 121—135. 1 pl. 


6) A. V. Jennınes. Note on the orbitoidal limestone of North Borneo. Geol. 
Magazine. (3) V. 1888. p. 529-539. 


7) R. B. Newron and R. Horzann. On some tertiary Foraminifera from Borneo. 
Ann. and Mag. Nat. Hist. (7) III. 1899. p. 245 — 264. 


1143 


Malinam (Melinan), an affluent of the Sungei Barram, oligomiocene 
Orbitoides (Lepidocyclina Verbeeki Newt. and Holl.) as well as 
eocene Orbitoides and Nummulites. 

Whereas we know nothing about the nature of the sediments 
from which the oligomiocene fossils described by Nrwron and 
HoLLann originate,” we have a fair knowledge of the composition 
of the deposits of Brunei, Klias and Labuan which. are considered 
to be eocene. Aceording to C. Schmipr’s (l.e.) descriptions and profiles 
we have to do here with an oil-bearing formation of several thousands 
of metres thiekness, made up of a highly folded series of sand- 
stones, marls, shales, limestones, conglomerates and coal. Numerous 
oil-localities and important mud-volcanoes prove this formation to 
have been rich in oil originally. | 

In 1914 I received from the late Dr. G. NIETHAMMER some frag- 
ments of limestone from the tertiary of the peninsula of Klias. Some 
time ago Dr. W. Horz of Basle sent me a small collection of rocks 
and boring-samples, some of which had been collected by NIETHAMMER, 
others by himself. This small collection derives its interest from 
belonging to different stratigraphie horizons. A fragment of lime- 
stone originates from Pulu Burung to the south of Labuan ; according 
to C. Scnmipr (l.e.) the islet rests upon a syncline, so that the lime- 
stone is sure to belong to the more recent horizons of the formation. 
Another fragment was found by Horz on the small island on the 
westeoast of Klias, which, according to SCHMIDT. was formed during 
the eruption of a mud-volcano on the 21° of September 1897. on 
the axis of a deeply folded antieline. Various pieces of limestone 
were collected on Klias on the surface. From the boring 1 of the 
Dutch Colonial Oil-Company on Klias I obtained samples, that were 
brought up from depths of from 773 to 1480. feet. Finally Horz 
colleeted a fragment of limestone on a cliff to the north of the 
isle of Tega, situated to the North of Klias. | 

The rock I received from Dr. NiwrHammer in 1914 is a yellowish- 
grey, rather erystalline reef limestone on whose surface with‘the aid 
of a loupe Cyeloclypeus communis Martin, Heterostegina depressa 
d’Orb., small Lepidocyelines and Corals can be recognized. In thin 
sections it can be seen, that some of the Lepidocyclinae are charac- 
terized by small dimensions, by searce thiek skeleton-eolumns centrally 
arranged, and by median chambers, which become higher: towards 
the periphery, and on this account must be classed along with 
L. Munieri Lem. et Douv. From one particular specimen we con- 
eluded that the fossils are megalospherical and that the embryonie 
chambers are of the kidney-shaped type. Furthermore the thin sections 
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reveal Lithothamnia and Lepidocyelina. Another Lepidocyclina being 
of the shape of a double cone and mierospherical, could be removed 
from the rock; it is elosely allied to L. acuta Rutten. From the 
absenee of Nummulites and large Lepidocyelinae on the one side 
and of Miogypsina on the other, and from the presence of L. acuta 
we are justified in coneluding that the rock belongs to the middle 
part of the Lepidoeycline-bearing tertiary, and, therefore, is most 
likely middle-old-miocene. 

It is not impossible that the rock described is derived from the 
same finding-place as another limestone of the Horz-collection, which 
was found by Nirruammer at the Sungei Silico (N°. 499). Here also 
may be recognized on the surface Heterostegina, small Lepidocyelinae 
and a few larger, flat Lepidocycelinae. In the thin sections of the rock 
it can be observed that the limestones are highly erystalline and 
that they inelude numerous Lepidocyclinae. Besides these also Cyclo- 
elypeus communis Martin,‘ Heterostegina, Öpereulina, ÜCarpenteria, 
Rotalidae and Lithothamnium oceur. Most of the Lepidocyelinae 
belong to a small species; the horizontal diameter is from 2—3 mm.; 
the vertical one from 1—1} mm. The fossils are megalospherical 
with kidney-shaped embryonie chambers; there are scarce, but very 
thick, centrally arranged skeleton-columns; the median chambers 
are higher towards the periphery, and often the plane of the median 
chambers is continued out of the proper body of the fossil, forming 
a collar round the lentoid centre. It is certain, that these fossils 
must be grouped along with the Lepidocyelina Munieri Lem. et 
Douv. Beyond these, some slightly larger, mierospherical forms occur 
(horizontal diameter 3—4 mm., vertical diameter 1—1} mm.) distin- 
guished from the others by a flatter lentoid shape and by the occur- 
rence of numerous skeleton-columns evenly distributed over the 
whole body. 

Lastly there are some sections of a still larger species, whose 
diameter exceeds 6 mm., whose height, however, is no more than 
13 mm. It is evident, then that the fossils are very flat and the height 
of the chambers is accordingly insignificant. Probably they are 
microspherical. True skeleton-eolumns there are none, but the vertical 
walls between the lateral chambers are thickened rather considerably. 
Whereas the two forms first deseribed belong still to the “ordinary” 
small Lepidocyclina, which characterize the middle-, and the most 
recent part of the Lepidocyclina-bearing tertiary, the last-deseribed 
form already begins to show analogies to the group of Lep. formosa 
Schl. (fHatness, larger diameter, absence of skeleton-columns) which 
characterizes the lowermost part of the Lepidocyelina-bearing tertiary. 
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The fossils of the limestone of Sg. Silico nevertheless differ from 
the typical L. formosa in having a much smaller diameter. Also this 
limestone may just as well be referred to the middle-old-miocene. 

The limestone of Pulu Burung south of Labuan, which according 
to C. Scumipr (l.e.) appears in a syncline, is a true reeflime. J. MorLey 
(l.e.), therefore, was wrong in considering the limestones of this 
island to be the sedimentary products of calciferous sources. The 
rock is grey, somewhat porous and fairly erystalline. In the thin 
sections may be recognized Lithothamnium, Halimeda, Amphistegina, 
Miliola, Textularidae, a very few Miogypsinae and a few small Lepi- 
docyclinae with a diameter of only 13 mm., of which some still 
possess strong columns, others are quite devoid of skeletons. The 
presence of Miogypsina and of small degenerated Lepidocyclinae and 
the absence of larger Lepidoeyclinae points to the fact that the rock 
must be referred to the youngest part of the Lepidocyclina-bearing 
tertiary, which conelusion is substantiated by the geological obser- 
vations in loco. 

The rock of the New Island on the west coast of Klias on the 
other hand certainly originates from the lower part of the sediment- 
series. It is a brownish-gray Foraminifera breccia impregnated with 
limonite. The limonitie substance has to some extent filled up the 
hollows and the pores of the fossils, through which their structure 
has become very conspicuous. Besides corals, Lithothamnia, Oper- 
culina, Heterostegina and Lepidocyelina ef. Munieri Lem. et Douv., 
here also occur larger, megalospherical Lepidocyclinae of the Eulepi- 
dina type. They differ little in size from the typical forms of 
L. formosa Schl., with which they have in common the eonsiderable 
flatness, the structure of the embryonic chambers, the absence of 
columns and the considerable thickness of the vertical walls beiween 
the lateral chambers. 

Two marly limestones, found by G. NietHanmer in the rivulets 
Napassu and Blanot, do not include any typical fossils. 

The samples from the boring N®. 1 of the Dutch Colonial Oil 
Company are chiefly hard, gray, sometimes somewhat marly clay- 
shales, very much like the clayshales from the oldest miocene and 
the oligocene of East-Borneo (samples of 773’, 825’, 830’, 975 
980’, 1000’ and 1480’). Sometimes sands or sandstones ‘appear 
(1415— 1420’). On various levels Foraminifera were found in the 
marly clayshales, of which the samples presented faunulae that 
differed with the depth at which they were found. At 800’ 1300’, 
1308—131%, 1330—1335’, and at 1342’ we found besides indiffe- 
rent forms such as Heterostegina and Cristellaria only small. Lepi- 
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docyclinae, which belonged to various species (L. aff. Mumeri Lem. 
et Douv., L. aff. inflata Provale, L. sp.). I shall not enter into their 
specific determination or their description, since they are of = 
special value for stratigraphy. At 1355°— 1370” and at 1412—1415 
however we found along with small Lepidocyclinae also larger indi- 
viduals, notably the same flat, column-less Eulepidines about 10 mm. 
in diameter, which also oceur in the limestone of New Island, 
but along with them also other forms characterized by having 
numerous columns diffused over the whole surface. The former are 
allied to L. formosa, the latter are related te L. insulaenatalis JonEs 
and CHAPMAN. We see, therefore, that these larger forms begin to 
appear only in the deeper horizons of the boring. 

Whereas all the rocks, described above, certainly belong to one 
and the same series of sediments, the habitus of the limestone, found 
by Horz on a lime reef to the north of Pulu Kalumpunian to the 
north of Pulu Tega, is different. It is a grey, pseudo-oolitie rock, 
containing a great many Lithothamnia and some Miliolidae, but in 
which the typical litoral Foraminifera of the oligomiocene are alto- 
gether lacking. This limestone also may belong to the Tertiary, but 
it is quite impossible to say to which subdivision. 


Our examination of the rocks described above shows first of all 
that the oil-formation of Northwest Borneo and more particularly 
that of the peninsula of Klias and the island of Labuan is not, as 
hithefto assumed, of eocene age, but that its antielinal cores hardly 
reach the oligocene'), the typical large Lepidocyclina which characte- 
rize the oligocene being absent here; neither do we find here reticu- 
late Nummulites. (Deeper parts of the boring Klias I, rock from New 
Island). The youngest rock examined (limestone from P. Burung 
South of Labuan) — which, however, does not yet belong to the 
youngest part of the sediments-series — must still be considered to 
belong to the miocene 8.str.; the fossils, however, prove the rock 
to originate from the topmost part of the Lepidocyclina-bearing 
tertiary. 

It appears then, that a satisfactory stratigraphical concordance 
enists between the oil-formations of Northwest- and those of East- 
Borneo. 

Both formations originated in the same period of prolonged 
sedimentation, attended with subsidence of the sedimentation-regions, 


ı) It may be, of course, that the eocene is 
As to this nothing can be said for certain, 
basis of the examined material. 


developed under the anticlinal cores, 
nor can anything be surmised on the 
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which probably begins in the oligocene (gas-, and oil-bearing layers 
from the core of the Sangatta, Bungalun and Sekurau-antieline in 
East-Borneo') and continues into the pliocene (oil-layers of P. 
Tarakan). 

MoLENGRAAFF?) demonstrated a short time ago that the tertiary 
oil-deposits of the western part of the East-Indian Archipelago in 
the E., S., and $.W., are marginal to the old “Sunda-land’ and 
suspeets that genetically the oil-formation of North-West Borneo, 
which occupies an analogous situation at the N.W. margin of this 
-Jand-mass, is closely related to the oil deposits on the Dutch terri- 
tories. This view appears to be correct. According to MOLENGRAAFF’S 
conception the origin of the material of the neogene sediments of 
N.W. Borneo must be looked for in the South-East, in the old massif 
of Borneo. Morzer’s (l.c.) view was diametrically opposite to this 
conception. This writer considered the tertiary sediments of Labuan, 
Brunei and Klias to be partly sedimentations at a south-eastern coast 
of a South-Asiatie continent, partly delta-formations of an enormous 
river, which he presumes to have come down from Central-Asia. 
To this divergence of opinion we shall revert presently. 

We will first call attention to the fact that the margins of the 
oligomiocene “Sundaland’” will be marked still better by the neogene 
reeflimes than by the diffusion of the oil-, and coaldeposits ; the 
former, whose facies agrees with those of the recent-tropical reeflimes, 
having never been absent from a coastal fringe of any extent, the 
latter originating only under certain favourable conditions of sedi- 
mentation. The most inward oligomiocene reeflime stones, therefore, 
will mark the nearest limit of the border of the island of Borneo 
that was washed by the sea during the neogene. 

When considering the island from this point of view we see that 
there must have been periods in the neogene in which only compar- 
atively small portions of Borneo emerged from the sealevel. 

Beginning in the north we see that neogene reeflimes are known 
of the islands of Balambangan and Banguey °’). Of the vieinity of 
Kudat 1 possess a Lepidoeyelina-bearing limestone, found there by 
Dr. W. Horz. Of the basin of the Sg. Kinebatangan miocene litoral 
limes of the G. Gomanton have long been known‘). Of the Batu 
Tjinagat the Geol. Institute of Utrecht possesses a Tepidocyclina- 


1) L. Rurten. These Proceedings, XIX. 1917. p. 728. 

2) G. A. P. Moreneraarr. These Proceedings. XX1lI. 1920. p. 440—447. 
5) L. Rurten. Samml. Geol. Reichsmus. Leiden. (1) x. 1915. p. 11—17. 
4, R. Busuen Newton and R. HoıLanp l.c. 
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containing. limestone. While these localities are all pretty near to 
the coast and only little is known of the inland in these northern 
regions, we see, that farther in the South of East Borneo the litoral 
neogene limestones appear more and more towards the interior. Of 
the basin of the Berau river I possess Lepidocyclina-bearing lime- 
stones from the rivulets Birang and Lassan, collected by Dr. F. Weser. 
As known, on Sangkulirang neogene sediments are widely diffused. 
Towards the south, certainly as far as South ofthe Balikpapan Bay, 
a coastal belt of rather more than 100 km. in breadth is built 
up of folded neogene rocks. We know that not all these sediments- 
are of marine origin; important and numerous ingressions and 
regressions must have taken place‘). That these ingressions have 
encroached far on the inland once at least, is borne out by the 
findings of oligomiocene limestone near Udju Halang’) and Kiham 
Halo’) at the Upper-Mahakam-river. Contiguous with this towards 
the soutlı are the old neogene reeflimes of the Middle-Barito-river 
near Batu Putih‘) and of the Mahangjongriver in the basin of the 
. 3g. Kapuwas Murang’). Still farther to the south I do not know 
of any oceurrence of neogene coastal deposits. 

When we cross to the Northwest coast of Borneo, we find farthest 
into the inland the formation of neogene limestones at the Melinau 
river, a left affluent ofthe Barram-river (BuLLen, Newton and HoLLanD 
l.e.). Data produced by J. Moruey (l.c.) seem to point to the existence 
on the Redjang-river of neogene deposits of a litoral character. On 
the other hand the rocks of Klias and Labuan described above are 
all lying in the litoral zone. 

On the accompanying map we have, on the basis of all these 
data, indicated very roughly which territories of Borneo were not 
covered by the sea during the farthest neogene ingression. We see 
here a central landmass rather narrow in the North and broadening 
towards the South-West, where it is connected with the old Sunda 
continent°), 

This sketchmap enables us to realize the stupendous changes 
undergone by Borneo in the neogene. After the farthest old- 


l) L. Rurren. These Proceedings l.c. 1916, 

2) I. Provare. Rivista italiana di Paleontologia. XV. Catania 1909. p. 9. 

°%) N. Wing Easton. Tijdschr. Kon. Ned. Aardj. Gen. (2) 34. 1917. p. 680—695. 

* L. Rurren. Samml. Geol. Reichsm. Leiden. (1) IX. 1914. p. 320— 322. - 

°) L. Rurten. Samml Geol. Reichsm. Leiden. (1), IX.719124n 591822173 

°%) In several places the old central landmass of Borneo was no doubt still 
smaller ihan is shown on the map; but no published data are at our disposal. 
On the other hand it is probable that out of this central core, e.g. in the farthest 
South East of the island, some territories were not transgressed by tbe sea. 
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neogene ingression the central part of the island must have been 
subjected to continual upheavals, for only in this way could it 
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+ Oligomiocene limestones. 
>=: Central core nof or. only partly covered by the sea during the most significant 
neogene ingression. 


procure the incredible masses of detritus which were required for 
building up the neogene deposits in the East, the South-East, and 
the North-West, which are several tlousands of metres thiek and 
which during their deposition, when they had not yet been pushed 
up by the latest folding-process, covered a much larger area than 
at present. In the neogene period, therefore, the old centre of the 
land of Borneo was a very pronounced geanticlinal region, whereas 
the marginal zones in the N.W. and S.E. were true geosynclines. 

It is probable that the material of the recent deposits in the eastern 
syneline came from the West, i.e. entirely from the old Borneo 
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centre: in fact in Sankulirang the deposits’ become more and more 
pelagiec, as the sediments lie more eastward, and point to an old 
marine territory in Macassar Strait (L. Rurten, l.c. 1916). It does 
not seem probable, though, that also the western geosyncline was 
bounded in the N.W. by a deep sea. First of all there are factors 
pointing to the smaller significance of this geosynclinal territory 
than that of the East. The strike of the western geosyneline almost 
coineided with the northwest coast of the island as is shown on tbe 
map of C. Scamipr (l.e.). In its south-western elongation nothing is 
known of a continuation of the subsided area; we find ourselves 
there in the old landmasses of Sambas ') and the Natuna-Islands ?). 
One is impressed with the idea that the subsided region, which 
most likely extended from the Philippines as far as the northwest 
coast of Borneo, terminated here. There is still something else. In 
1914 1 obtained from Dr. NIETHAMMER a fragment of limestone from 
a territory far removed from the Borneo-cvast viz. the islet of Man- 
galum (see sketchmap). It is an Öperculina limestone, which, it is 
true, includes only Operculina complanata Defr., and which on that 
account may be quaternary as well as tertiary, but it bears a close 
resemblance to a Lepidocyclina-bearing Opereulina-limestone from 
Pulu Labuansklambu near the northwestern point of Borneo. It cannot 
be doubted, therefore, but that the the limestone from Mangalum is 
still met with in Jitoral facies so far from the coast, so that it seems 
highly improbable that the Northwestern geosyncline should have 
been bounded in the North-West by a deep sea. It may be deemed 
more probable that here lay a subsided area, which at one time 
was alternately shallow sea, delta-territory or low land; that it was 
bounded on the one side by the old land-centre of Borneo, on the 
other by an old continent now transgressed by the Chinese Sea, 
and formerly perhaps connected with Indo-China, which is also an 
old continental region. According to this view both J. Morıky and 
MOoLENGRAAFF would be right, the former in referring the source of 
the material of the tertiary formations of Northwest Borneo to the 
Northwest, the latter in looking for it in the South-east. Moreover 
this view would also favour the eonelusion that the central landmass 
of Borneo, which had already to contribute so much detritns towards 


the East and the South-East, was somewhat disburdened as to its 
contribution towards the Northwest. 


Utrecht, 2 Febr 1921. 


) N. Wine Easton. Versl. Geol. Sectie. Geol. Mjjnbk. Gen. I. 1914. p. 179—189, 
:)P G. Krause. Samml. Geol. Reichsmus. Leiden. (1) V. 1898. ‘p. 991-236, 


Chemistry. — “In-, mono- and divariant equilibria”. XXI. By 
Prof. F. A. H. ScHREINEMAKERS. 


(Communicated at the meeting of February 26, 1921). 


 Equilibria of n components in n phases, in which the quantity of 
one of ihe components approaches to zero. The influence of a new 
substance on an invariant (P or T) equilibrium. (Continuation). 

In communication XX we have examined the influence of a new 
 substance on the invariant (P or T) equilibrium: 


eh ee a a EG REN |) 

With this we have assumed that Z, Z,... are liquids and F\ F'.... 
solid substances of unvariable composition. The general form of this 
equilibrium # is: 

Ber N SM TMN..HETLF, 4... (0) 
in which G is a gas and M, M,... are mixed cerystals, which may 
contain all components or not. 

When we know the reaction, occurring in this invariant (Por 7) 
equilibrium, then we may deduce again with the aid of (12) and 
(15) (XX) which influence has the addition of a new substance. 
Now we shall eonsider some special cases of this equilibrium. 


We take the unary equilibrium @— Z, viz. an unary liquid in 
equilibrium with the vapour; this equilibrium is invariant (‚Por 8 
As the reaction is 7,6, it follows: 

EZ0)=a—- m, ZAM)=H—-H ZUN=V-V, 
in which x, H and V relate to the vapour @. 

Now it follows from (12) and (15) (XX): 

RT («e—-a,) RI’ (x, —) 

He 
RT («—«,) 

N 

Herein AW is the heat of evaporation of a molecular quantity 
of liquid and Y—V, the increase of volume at the evaporation of 
this quantity of liquid. Consequently we refind in (3) and (4) the 
known formula’s. We find, therefore, the rule well-known: 

When, at addition of a new substance the concentration of this 


an. — (3) 


(dP)r = ea re N 
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substance in the vapour (viz. ©) is larger (smaller) than in the liquid 
(viz. ©,) then the boiling-point under constant pressure is lowered 
(raised) and the vapour-tension at constant T is raised (lowered); 

when the new substance is not volatile (consequently x = 0) then 
the boiling-point under constant / is raised and the vaponr-tension 


at constant, 7’ is lowered. 


We consider the invariant (P or 7’) equilibrium 
EN ee AREns AR a 3 ES ae 
viz. a complex of liquids in equilibrium with their vapour @. We 
write the reaction which may occeur in £: 
La ee, DSH Me 

When all reaction-coefficients A,2A,.... are positive, then all liquids 
take part in the formation of vapour in the ratio A,:A,:A,..., 
then we shall say that the vapour has a “average” composition. 
When, however, in (6) one or more of the reaction-coefficients are 
negative, then also one or more liquids arise at a time with the 
vapour; the vapour has then a “non-average” composition. 

When we represent by AW the heat, wanted to form one quantity 
of vapour, and the corresponding increase of volume by AV, then 
AW and AV are positive, unless in very special cases. 

Now we may write for (12) and (15) (XX): 

RT? (x) RT 2 (4x) 


Aw and (dPA\r=——— .. (MM 


ee Av 


Herein is: 


Z(p)=a— a, +A, +, #..). . 0. (8) 

Now we take a mixture of the liquids Z, Z,... in such a ratio 

that it has the same composition as the vapour @. We call this 

mixture or complex of phases the “reduced mixture”. As appears 
from (6) this mixture has the composition: 


RER I LEERE =. 2 0, 
in which one or more of the coefficients may also be negative. 
When the vapour has an average composition, then all coeflicients 
in (9) are positive; when the vapour, however, has a non-average 


composition, then one or more of the coeffieients in (9) are negative. 
When we put now: | 


Aladdin Re .. (10) 


consequently c is the concentration of the new substance X in the 
reduced mixture. Instead of (7) we may write now: 


and (dP)r = N ll) 


Hence follows the rule‘): 

when, on addition of a new substance the concentration of this 
substance in the vapour (viz. «) is larger (smaller) than in the 
reduced mixture (viz. c) tlıen the boiling-point under constant pressure 
is lowered (raised) and the vapour-tension is raised (lowered) at 
constant temperature. 

Applying those and the following rules and formula (11) we have 
to consider to following. ’ 

When the vapour has an average composition, then c is positive 
when, however, the vapour has a non-average composition, then c 
‘may be as well positive as negative; «—c is then always positive 
when c is negative. 

When we substitute in the rule above “reduced mixture” 'by 
“]iquid” then we refind the rule, which is true for the addition of 
a new substance to the unary equilibrium L + @. 

When the added new substance is not volatile, then «=0; (11) 
passes then into: 


at _ RT’c RTe 
( Ren 


erde) 


and @aP)r=— 


When we keep in mind that c may be as well positive as nega- 
tive, then we find the rule: 

when the vapour has an average composition, then, on addition 
of a new substance, the boiling-point under constant pressure shall 
be raised and the vapour-tension at constant temperature shall be 
lowered ; 

when the vapour has a non-average composition, then for ce > 0 
this rule is true also; for c<°O however an opposite rule is true. 

We may for some cases also represent the above results geome- 
trically. Let us firstly consider the addition of a new substance to 
the binary equilibrium Z=14,+ZL,+ @. In figs 1—4 the sides 
ZX and ZY of the ternary concentration-diagram are partly drawn- 
a,a, and a represent the two liquids and the vapour @ of this 
equilibrium Z. In figs 1 and 3 this vapour a has an average, in 
figg 2 and 4 a non-average composition. When, at constant Tor 
P, we add a new substance, then the liquids Z, and L, trace the 
eurves a, d,c, and a,b,c,; the vapour traces curve ab.c. Each of the 


1) This rule is deduced already formerly for a definite case, viz. the addition of 
a new substance to the binary equilibrium L, + L,+ 6. F. A. H. SCHREINEMAKERS. 
Zeitschr. f. Phys. Chem. 38 (1901) 252. 
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phases oı the ternary equilibrium traces, thierefore, a three-phases- 
curve. Now we assume that on addition of very little of the new 
substance the two liquids and the vapour are represented by the 
points 5,6, and 5; consequently these points are situated in the 
immediate vieinity of a,a, and a; for sake of clearness they are 
drawn however in the figures on greater distance. Relating to the 
situation of the vapour-point d with respect to theline 5, b, we shall 
say that the three-phases-triangle d, 5, 5 turns his vapour-point in 
figs 1 and 2 away from the side YZ of the components-triangle and 

in figs 3 and 4 towards this side. 

When we represent the reaction by 
ED, EG er a 
then is: 

IE )ıy)=e —ı0, ZN us FERNER 

in wich A, and 2, are defined by 
1, land any AA, na 
so that 2, and 2, are linear functions of y. When we consider « 
and y in (14) as running coördinates, then 2 (2x2) = 0 represents 


Fig. 3. 


Eh 


the equation of the straight line d, d,. When we put vi. a=a, 
and y=y, then follows from (15) }, =1 and /), = 0 so that 3 (A«) 
— 0; consequently the line goes through the point d,. In the same 
way it is apparent that this line goes through the point d,. When 
the point «y is not situated on the line b, b,, then & (2x) is not zero, 
but positive or negative, in accordance to the situation of this point 
on the one or on the other side of this line. Now we imagine in 
the figs 1—4 a horizontal line drawn through .a; as 5 is situated in 
the immediate vieinity of a, this line goes also, by approximation, 
through d; we call r the point of interseetion of this line with the 
line 5, d,. On this horizontal line in r consequently IS (k)=0, at 
the right of r 2 (Ar) is >0O at the left of r (2x) is <0. Conse- 
quently when we trace the line 5, b, in the direction from b, towards 
d,, then = (2x) is at the right of this line positive and negative at 
the left of this line. 

As in figs 1 and 2 the vaponr point 5 is situated at the right of 
the line 5, 5, consequently I (Ar) is positive. Therefore, follows 
from (7): 

DE En EP)r >. ri KL6) 
which is also indicated in those figures. Hence follows: when we 
trace the three phases-curves (viz. abc, a, bd,cı and a,d,c,) beginning 
at their binary terminating-points (viz. aa, and a,) then the tempe- 
rature decreases under constant pressure and the pressure increases 
at constant temperature. 

In figs 3 and 4 the vapour-point is situated at the left of the line 
b, b, so that 2 (An) is negative. Now it follows from (7): 

| Een Een 
which is also indieated in the figs 3 and 4. Hence it follows, there- 
fore: when we trace the 3 three-phases-curves, beginning at their 
binary terminating-points, then the temperature increases under 
constant pressure and the pressure decreases al constant temperature. 

We may summarise those results in the following way: 

When we trace the three-phases-curves of the ternary equilibrium 
L, + L,+ @ beginning at their binary terminating-points. 

then under constant P the temperature decreases and at constant 
T the pressure increases, when the three-phases-triangle turns its 
vapour-point away from the side (with the binary terminating-points) 
_ (figs. 1 and 2) 

and under constant P the temperature increases and at constant 
T the pressure decreases, when the three-phases-triangle turns its 
vapour-point towards the side (with the binary terminating-points) 
(figs. 3 and 4). 
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The previous rule is deduced in the supposition that the three- 
phases-triangle is situated in the immediate vieinity of the side with 
the binary terminating-points. As however by this is determined 
the direetion in which T and P increase or decrease along the. 
three-phases-eurves, the rule remains also true, when the three- 
phases-triangle moves further away from this side. When the three- 
phases-triangle passes into a straight line, then on the three-phases- 
curves a point of maximum or minimum pressure OCCurS. 


The previous considerations are also valid when the added new 
substance is not volatile. The threephases-curve a bc, which indicates 
the composition of the vapour, however, then not goes from a into 
the triangle, but it falls on the side YZ. Of the three-phases-triangle 
bb, b, the angle-points b, and db, are situated, therefore, within the 
concentration-diagram, but, as is drawn in fig. 5, the point d is 
situated on YZ in the immediate vieinity of point a. 

Now we shall indicate by s the point 
of intersection of 5,5, witb the side 
YZ; in fig. 5 this point ofinterseetion 
is drawn, in the other figures, however, 
it is not drawn. We may now disting- 
uish two cases, viz. 

1° the point a (and consequently 
also 5) is situated on the other side of 
s as the points a, and a,,. 

2° the point a@ (and consequently 
also 5) is situated on the same side of 

Fig. 5. s as the points a, and a.. 

The first case is represented in fig. 5, the second in the figs. 3 
and 4; we imagine, however, in the two latter figures the point 
bon the side YZ in the immediate vieinity of point a. Now we 
call those figures the new figures 3 and 4. In those new tigures 3 
and 4, the three-phases-triangle 5, 5, b turns, just as in the old 
figures its vapour point b towards YZ; in the new figures (dP)r 
and (dT’)p have consequently the same sign as is indicated in the 
old figures. 

{ Notwithstanding that also in fig. 5 the point 5 is situated on the 
side YZ, it is yet apparent that we must say here, that the three- 
ne 
Bes | r must have the sign, indicated in 


Consequently on addition of a new sübstance, which is not volatile, 
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in the case of the new figures 3 and 4 the boiling-point is raised 
under constant P and at constant 7 the 'vapour-pressure is lowered; 

in the case of fig. 5 under constant the boiling-point is lowered 
and at constant 7 the vapour-pressure is raised. 

Basily we.see that this all is also in accordance with the deduec- 
tions from formula (12). In fig. 3 the vapour a. has a mediate 
composition and c in formula (12) is, therefore, positive. In figs 4 
and 5 the vapour has a not-mediate composition but c is in fig. 4 
still positive, but negative in fig. 5. 

The previous considerations are valid still also, when also one of 
the components of the binary equilibrium #=1L,+ZL,+ @ isnot 
volatile. When Y is this component which is not-volatile, then in 
the figs 1--5 point a coincides with Z. When also the new sub- 
stance is not-volatile, then the vapour remains always represented 
by point Z; when the new substance is volatile indeed, then the 
vapour proceeds along the side ZX. Also in those cases, the boiling- 
point shall be raised or lowered under constant P and the vapour- 
pressure shall be lowered or raised at constant T, dependent on 
the situation of the three-phases-triangle. 


In a similar way we may deduce also the influence of a new 
substance on the termary equlibium Z=4u,+4+%4+ Gi 
When we represent the reaction by: 

Dana LJHAAPZERG 5 eieıh ale (ld} 
then is: 
E(l2)= x — 8, — At, — Adr 
and }, 2, and A, are defined by: 
+, + —ml yeah Uni (19) 
22, +4, + 4, = 2 

Whsn we take a regular tetrahedron for concentration-diagram, 
then the phases of the ternary equilibrium E are represented by 
four points on the side-plane YZU, we shall call those points a, 
a, a, and a. When, at constant P, we add a new substance X, 
then each phase traces a four-phases-curve; we call those ceurves 
a, b,C, 0 b,C.. a,Ö,c, and a Di 

The four-phases-tetrahedron b, b, b,b turns now its vapour-point 
d either towards the side-plane YZU or away from that plane. 
Easily now we find the rule: 

when we follow the four-phases-curves of the quaternary equili- 
brium Z, +2, +1,46 starting from their ternary terminating- 
points, then 

under constant P the temperature decreases and at constant 7 
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the pressure inereases, when the four-phases-tetrahedron turns its 
vapour-point away from the side (with the ternary terminating-points) 

and under constant P the temperature increases and at constant 
T the pressure decreases, when the four-phases-tetrahedron turns its 
vapour-point towards the side (with the ternary terminating-points). 


We now take en invarient (P or T) equilibrium, in which oceur, 
besides a liquid Z yet also the mixed-erystals M, M,...; we repre- 
sent this equilibrium by 

BEAMER De 
and the occurring reaction by: 
MER IM 

Of course one or more of the reaction-coeffieients may be nega- 
tive. When all coefficients are positive, so that the liquid has a 
mediate composition, then (21) represents a congruent melting of the 
mixed-erystals; when one or more of the coefficients are negative, 
so that the liquid has a not-mediate composition then (21) represents 
a conversion of the one of mixed-erystals in the other, with forma- 
tion of liquid, consequently an incongruent melting. 

We shall call a mixture of the mixed-erystals M, M,... taken 
in such ratio, that it has the same composition as the liquid, the 
“reduced complex of mixed-erystals’”. Now we have: 

ES(l)e)=a im, - Ar, aa, —..»-=e—c, . (22) 
in which, therefore, c represents the concentration of the new sub- 
stance X in the reduced complex of mixed erystals; consequently 
c may be as well positive as negative. 

Therefore, we obtain again formula (11) in which AW is the 
heat, which is necessary for the congruent or incongruent melting, 
and AV the change in volume, oceurring with this. We may assume 
again that in general AW is positive; AV may be, however, posi- 
tive or negative. 

When we only consider the change of the eongruent or incon- 


gruent melting-point under constant pressure consequently, then 
follows the rule: 


when, on addition of a new substance, the concentration of that 
substance in the liquid (viz x) is greater (smaller) than in the reduced 
complex of mixed erystals (viz c) than the (congruent or incongruent) 
melting-point of the mixed cerystals under constant pressure decreases 
(increases). 

When the new substance, which is added, does not oecur in the 


mixed-erystals, then, as «,w,2,... are zero, also c=0. (11) then 
passes into: 
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— RT’zx 


a RT: 
(dT)F = A and (Pr=— . 29) 


AV 

Hence it follows: 

on addition of a new substance, which does not occur in the 
mixed crystals, the (congruent or incongruent) melting-point of the 
mixed-cerystals under constant pressure is lowered. 

We shall briefly consider more in detail the case that a new 
substance is added to the binary invariant (P or T) equilibrium; 
E=M, + M,-+L. For this we imagine that in the figs 1—4 the 
points a, a, and a represent the two mixed-crystals M, and M, and 
the liquid Z. In the figs 1 and 3 then a congruent melting takes 
place and in the figs 2 and 4 an incongruent melting. 

When we add at constant 7 or P a new substance, which oceurs 
also in the mixed-erystals, so that ternary mixed-crystals occur, then 
M, and M, trace the three-phases-curves a, db, c, and a,d,c,; the 
liquid Z traces the three-phases-curves abc. In figs 1 and 2 the 
three-phases-triangle d, d,d turns its liquid-point 6 away from the 
side YZ of the components-triangle, in figs 3 and 4 towards this side. 

In a similar-way as with the equilibrium Z, + Z,+@ we now 
find that also for the equilibrium M, + M, + L the sign of (dT’)p 
must be the same as is indicated in the figs 1—4; this is also valid 
for (dP)r when AV is >0; for AV<{O we must take, however 
the opposite sign for (d.P)r. 

Consequently we find the rule: 

when we trace the threephases-curves of the equilibrium M, + 
M,-+L starting from their binary terminating-points, 

then under constant P the temperature decreases, when the three- 
phases-triangle turns its liquid-point away from the side (with the 
binary terminating points) (figs 1 and 2), 

and under constant P the temperature increases, when the three- 
phases-triangle turns its liquid-point towards the side (with the. 
binary terminating-points) (figs 3 and 4). 

The reader himself may easely find the rule for the change of 
pressure at constant T. 


When the added new substance does not occur in the mixed- 
erystals, so that those rest binary ones, then in the figs 1—4 the 
curves a,b,c, and a,d,c, must coineide with the side YZ. The 
three-phases-triangle 5, 5, is then always situated with the angle- 
points 5, and b, on the side YZ, while the liquid-point d is situated _ 
within the eoncentration-diagram. Therefore, we imagine in the figs 
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1 and 2 the points d, and d, on YZ in thie vieinity of a, and a, 
Then from fig. 1 a diagram arises, such 
as is drawn in fig. 6. 

As the three-phases-triangle now turns 
always its liquid point away from the 
side YZ, the temperature must, accor- 
ding to the previous rule, decrease under 
constant P, viz. when we trace the 
eurves starting from their binary termi- 
nating-points. This is in accordance also 
with the first formula (23). 

In the previous communication XX 


Fig. 6. we have deduced the relation: 


iz 
ar: ae (Gr), EEE 3 


Hence appears: when in the invariaut (7 or T) equilibrium 
(which consequently is monovariant) the pressure increases at increase 
of T, then (dP)r and (dT)p have opposite signs; when, however, 
the pressure decreases at increase of 7, then (d/’)r and (dT)phave 
the same sign. We now may express this in the following way: 

we add a new substance to an invariant (? or 7) equilibrium; 

when in this equilibrium the pressure increases at increase of 
temperature, then the influence on the pressure at constant 7’ is 
opposite to the influence on the temperature under constant P; 

when in this equilibrium the pressure decreases at increase of 
temperature, then the influence on the pressure at constant T is 
the same as the influence on the temperature under constant P. 

It is evident that “influence” means here the sign of the change 
of pressure of temperature, 

Leiden. Inorg. Chem. Lab. 


(To be continued). 


Physiology. — “On the serological specificity of haemoglobin in 
different species of animals”. By K. LanDsteiner. (Communi- 
cated by Prof. C. H. H. Sproxck). 


(Communicated at the meeting of January 29, 1921). 


The knowledge of species-specificity is based prineipally on morpho- 
logical facts, on the phenomena of inheritance and transplantation, 
and on serological reactions. The first allow the direct inference 
that species-specifieity is a property of all the constituents of the 
body; serological data, on the other hand — as far as animal 
organisms are concerned — bear first of all on the proteins of the 
blood serum. | 

Concerning these latter there exist numerous results of preeipitin 
tests, of which the greater part were carried out by NUTTALL?), 
and which may be summarised, that serological relationship in 
general corresponds to the zoological classification and that the diffe- 
rence of the precipitin reactions increase in a measure corresponding 
to the difference in the scale of animal classification. 

For the other constituents of the body an analogous relationship 
is probable, and is often accepted as a matter of fact; this subject, 
however has been far less thoroughly investigated than the properties 
of the bloodserum. 

Some proteins differ in a greater degree (protein of the eye-lens?) 
and the horny substance’)) and others (casein‘)) in a smaller 
degree from the specifieity type mentioned i.e. their specificity is 
more or less independant of the animal species. In these cases we 
cannot exelude the possibility that the species-specificie structure 
although present is concealed by other structures. 

Whether the haemagglutinating immune-sera with regard to their 
group reactions correspond as well to the zoological classification, 
as the before mentioned preeipitins, is indeed still doubtful ®). 


1) Nurtauı. Bloodimmunity and bloodrelationship, Cambridge (1904). 

2) UHLENHUTH. Fesischr. f. Rob. Koch. 

3) Krusıus. Arch. f. Augenheilk. 67. (1910). 

4, Verse. Zeitschr. f. Immunitätsf. 24. 267. (1915). 

5) Of. LAnDsteiner u. Reıca. Zeitschr. f. Hyg. 58. 227. (1907). 
Brockmann. Zeitschr. f. Immunitätsf. 9. 114 (1911). 


Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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The same applies to the immune sera against the cells of various 
organs'). Ä 

As far as the globulins of milk are eoncerned it may be accepted 
as highly probable and experience goes io proVe, that they behave 
quite similarly to the serum-globulin, and the same may be said 
for all proteins which have a very similar chemical composition as 
the serum-proteins as regards the kind and quantity of the amino- 
acids which build up their moleecule. 

But when one considers proteins such as haemoglobin which in 
their chemical struetures i.e. in their construction out of amino-acids 
differ widely from the proteins of the serum, a note-worthy problem 
_ presents itself. 

If these behave in regard to the species specifieity similarly to the 
serum protein, two possibilities present themselves: either the 
species-strueture in such proteins and in serum proteins is realised 
in wholly different and independent ways, or else there is a relation 
in this way that among the different proteins of a species one 
corresponding smaller or larger group (or several groups) of the 
molecule is the bearer of the species-speeificity. 

In the latter case the problem would arise of demonstrating this 
species-specifie nucleus. In the other and perhaps less probable case 
there would be a similarity of chemical structure of two homologous 
proteins in related animal-species, but no chemical similarity would 
be found between the different proteins of the same species. From 
this it appears indicated to investigate the different proteins as to 
their species-specifieity and I have, therefore, undertaken the investi- 
gation of the preeipitins against haemoglobin. This substance is 
well suited for the examination of the question raised because the 
composition of its protein constituent i.e. of globin varies widely 
from that of serum globulins and serum albumins. 

Lestanc’), Ion?) and Demens‘) were the first to report on the 
formation of precipitins against haemoglobin. TuoMmsun °) investigated 
the question of species-specifieity and came to the conclusion that 
anaphylaxis against erythrocytes is to a certain extent species-specifie. 
The greater number of his experiments, as also the researches of 


l) Sarus. Bioch. Zeitschr. 60. 1. 1914. 

?) La Cellule‘18. 337. (1901). 

),,..20. 263. (1902). 

0, 0047405 1007, 

5) Zeitschr. f. Immunitätsf. 8, 539. (1909). Cf. WEICHARDT. Zeitschr. f. Immunitätsf. 


14. 609. (1912), ‚On the specificity of haemoglobin erystals. cf. Reıchert.a. BROWN 
Carnegie Institution Publication Washington 1909. Mr 
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BRADLEY and Sansum !), were carried out with a blood solution and 
not with isolated haemoglobin. In a second series of experiments 
with cerystallised haemoglobin these authors found that guinea pigs 
sensitized with dog’s haemoglobin reacted strongly (no acute death) 
on dog’s bloodsolution, in a lesser degree with such solutions from 
pig, and turtle and not at.all with those from fowl, calf, horse, goat, 
rabbit, rat, guinea pig, sheep and man. This result does not allow 
of a definite conclusion yet. 

As the species differences of haemoglobin certainly are due to its 
protein components, the experiments on globin ought to be mentioned 
here. Browning and Wırson ?) found a strongly homologous reaction 
with an immune serum against guinea pig globin, weak complement 
fixation with rabbit-globin, and none with ox-globin. In a recent 
publication ?) these same authors find that an immune serum against 
ox-globin reacts also on globin of goats, guinea pigs and ducks but 
not on rabbit-globin. On this point they state, “Thus while evidence 
of species-specitieity exists in certain cases, there is also a wide 
though not universal, community of antigenic properties shared by 
the globin of widely separated animal-species”. 

It ought stili to be mentioned that some time ago ScaMiDT and 
Bennett ‘) on the ground of some previous (Forp and Harıser) and 
of their own negative findings, deny the ability of haemoglobin to 
produce antibodies and they ascribe the positive results to impurities 
in the injected materials. 

Browsing and Wırson, who themselves obtained a distinctly active 
serum against haemoglobin, believe that they can explain the 
negative results in this way, that haemoglobin possesses only a 
weak antigenic property. I am inclined to agree with this view‘), 
as in my experiments with 5 animals with intensive immuni- 
sation (2 gr. of haemoglobin and more) only one gave a good 
active serum, 2% others very weak sera, whereas the sera of the 
remaining two were not active at all. I have no cause to doubt 
that the reactions obtained are really attributable to the haemoglobin, 
seeing that the active sera gave only very weak haemolysis with 


!) Journ. Biol. Chem. 18. 497. (1914). 

2) Journ. of Path. a. Bact. 14. 174. (1909). Cf. Gay a. ROBERTSON J. Exper. 
Med. 17. 535. (1913). 

8) Journ. of Immunol. 5. 417 (1920). 

4) Journ. infeet. Dis. 25. 207. (1919). 

6) Perhaps alteration oceur during the process of isolation, which diminish the 


antigenic properties. 
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horse blood and that only a long-continued standing produced a just 
perceptible turbidity with dilntions of horse-serum '). 

Lesranc’s?) results also are in favour of the antigenie property 
of haemoglobin, for he found, that the haemoglobin is carried down 
with the preeipitate produced by preeipitin-serum. 

As I intend further to pursue this investigation I shall perhaps 
come back to this point later and also deseribe more fully the 
results which are only shortly summarised lıere. 


In my experiments I used for the immunisation of rabbits erystallised horse- 
haemoglobin, prepared in the same manner as described by Ipz and Demezs; i.e. 
defribinated horse blood was centrifugalised, the sediment washed five times and 
again centrifugalised, the bloodcorpuscles dissolved in etherised water of double 
the volume of the original blood, kept in the icechest for one or {wo days, and 
during this time repeatedly shaken, and finally decanted to get rid ofany sediment 
which might eventually still be present. In order to free it from stromata and 
globulin, it was mixed with an equal volume of saturated ammonium sulphate 
solution, the preeipitate filtered off through a folded filter. To the clear filtrate 
ammonium-sulphate crystals were added until the haemoglobin (standing in the 
cold) was preeipitated, the filtered precipitate washed with ammonium sulphate 
solution, suspended or dissolved in water, some ether added and the mixture 
dialysed. Finally 10/, of sodium chloride was added. 

In the test tube experiments I took solutions which had been prepared from 
very well washed blood corpuscles with water and ether, the water amounting 
to twice the blood volume. Tlie solutions were completely freed from susupended 
matter by filtration through an asbestos filter. In the case of horseblood, moreover, 
the solution of erystallised haemoglobin was used. 


The tests for specificity gave the following result. 


Technique of the experiments: The 5°/, haemoglobin solution was diluted to 1: 
500 and 0.2 cc. of this taken. To this were added 3 capillary drops of 0.04 cc. 
each, of immune serum and left to stand one hour at room temperature and the 
reading taken. Horse-serum diluted 500 times. 

Tests were also made with all solutions in dilutions of 1 : 100 and 1 : 2.500. 
They are not given in detail because they agree with the experiments of the 1: 
500 dilution. 


 ——— 


Haemoglobin solutions. serum 
—mm—m en 
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') A solution of the horse haemoglobin reacted in the same manner against an 
ordinary anti-horse preeipitin. 


2) IDe. l.c. p. 263. 


1165 


According to these tests, the species-specificity of haemoglobin is 
certainly not much less marked than that of the serum-protein. 

Somewhat striking is the fairly strong reaction with mouse-blood, 
yet similar reactions are also known to oceur in the case of pre- 
eipitin reactions with serum albumin. It would be interesting to 
prove, whether the group reaction mentioned also takes place with 
other precipitin sera against horse-haeımoglobin. After the tests had 
stood about 20 hours some further weak group-reactions were 
observed. 

A reaction for haemoglobin solutions generally succeeds with the 
help of the inhibition test‘). If to the tests, containing the quantities 
of horse-haemoglobin and the corresponding immune-serum mentioned 
above, 0.05 cc. of a1°/, solution of haemoglobin belonging to 
different animal species was added, an inhibition of the precipitation 
took place, which as experiments with the addition of smaller 
quantities of haemoglobin showed, was with one exception strongest 
in the case of horse and ass haemoglobin. 


a EEE EEEEESEECESTECSECEEEeEETEEnEEEEEEEEEESEEEEEEEEREBEEERFSFEREEBEISEEESEESEEEREPEBEET PETERS GESETGERRBERE) ISEREBER 


Haemoglobin solutions. 


horse ass | dog | 0X sheep | rabbit rat | control 


I also endeavoured to investigate by means of the inhibition 
reaction the question of the presence of a common species-specific 
group in serum-protein and haemoglobin. From this it appeared 
that by the addition of 0.05 cc. of normal serum belonging to 
different animal species, to the mixtures of haemoglobin and their 
antibodies, the precipitation was inhibited. 

When serum from 11 different species of animals were tested 
simultaneously the inhibition was strongest and equally marked in 
the case of the serum from the horse, ass and two other kinds of 
serum. The result, therefore, does not yet permit of any definite 
conelusions. It is, however, possible, that through further variation 
(immune bodies against other kinds of haemoglobin) and perhaps 
through modifications of the method of experiment, a positive result 
will be obtained. 


1) LANDSTEINER. Bioch. Z. 98. 115, 104, 280. Hausan u. LANDSTEINER, Munch. 
med. Woch. 1902. N°. 12. 


Physiology. — “On Heterogenetic Antigen”. By K. LANDSTEINER. 
(Communieated by Prof. OÖ. H. H. SPRONCK). 


(Cormmmicated at the meeting of Kebruary 26, 1921). 


It is well known that ForssMAN ') discovered the fact, that by injection 
of organs of guinea pigs into the rabbit the formation takes place 
of a strongly active specific hemolysin against sheep’s blood. It soon 
was observed that the same property may be ascribed to the organs 
of a large number of animals, e.g. to those of the horse, the cat 
and the fowl, whereas these active substances are absent in other 
animal species. 

These substances are generally called heterogenetic antigens; the 
hemolysins generated by their injection are termed heterogenetic 
antibodies. 

A complete account of the investigations on this subjeet and their 
results will be found in the publications referred to below. In this 
paper I shall record only the results regarding the heterogenetic 
antigen wbich are of special interest for my work. 

Doerr and Pıck’) found that the said substances of the organs 
are resistant to the influence of alcohol; Sachs and GEoRGI?’) record 
the use of alcoholie extracts, FRIEDBERGER ‘) (PooR, SUTO, SCHIFF) report 
the solubility in alcohol of the heterogenetie antigen oceurring in 
the urine (see Doerr and Pıek) of animals. SorpenLı and Fischer °) 
found that the active constituents of the horse’s kidney can be split 
into two fractions by treating with alcohol (and ether), the one of 
which fractions, soluble in aleohol, eombines in vitro with immune 
bodies, but does not bring about  immunization, while the part 
that is insoluble in alcohol and ether, combines only inappreciably 
in vitro; however, .t gemerates immune bodies. (SorpkLLı and 
Pico‘) also observed, just as Sachs and Gurn?) did, a floceulation 


1) J. Forssman. Biochem. Zeitschr. 37. pag 78 (1911). 

”) R. DoerR en R. Pıox. Biochem. Zeitschr. 50. pag. 129 (1913). 

3) SacHs en GEORGI. Zeitschr. f. Immun. 21. pag. 346 (1914). 

4) FRIRDBERGER. Berl. Klin. Wochenschr. 1913, N. 34, Zeitschr. f. Immun. 18 
pag. 269 (1913) 28. pag. 217 (1919). 

ö) ee en FISCHER. Revista del Inst. Bacteriol. Buenos-Aires. Vol. I. 1918 
pag. 229. 


6) SoRDELLI en Pıco. Revista del Inst. Bacteriol. Buenos-Aires Vol. I. 1919. p-. 261. 
7) SAcHs en GutH, Mediz. Klinik 1920 No. 6. 
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reaction of the alcoholic organ-extracts with the heterogenetic im- 
mune serum). 

It is evidently diffieult to explain these results as it would seem 
as If specific immune bodies against one substance are formed by 
the injection of another. 

In my experiments, which were performed for the greater part 
without my having knowledge of the publications of SorpELLT and 
his coworkers, I obtained results that agree with their observations 
in main points, as I also found that the alcoholie extracts (and 
the ether-extracts) of a horse’s kidney — though in vitro their 
capacity of combination is very great — do not bring about any 
or any appreciable formation of antibodes. However, further exami- 
nation induced me to give a modified explanation of this matter. 

In my experiments preparations of horse’s kidney were injected 
into rabbits. In one of these the procedure was as follows'): 


The kidneys were twice ground finely then sifted through a course-mesh-, and 
through a fine-mesh-sieve, emulsified with three times their volume of 0.9 per 
cent salt solution, placed in the ice-chest for 24 hours, being shaken repeatedly, 
and finally percolated (l). The turbid extract was digested with six times the 
volume of 95°), alcohol during two days at room temperature, subsequently 
after filtration digested once more for 24 hours with 1 vol. of alcohol and the 
insoluble precipitate was taken up in 0.9 per cent salt solution (I). A tluird 
portion was prepared like II, but here the substance that was obtained by 
evaporating the alcoholic extracts to dryness, was emulsified in 0.9 per cent salt 
solution, and was added to the suspension of the first precipitate (III). A fourth 
portion was digested similarly as to II with alcohol at room-temperature, and then 
the preeipitate, obtained after filtration, was boiled for half an hour with one volume 
of alcohol and the insoluble part was suspended 0.9 per cent salt solution (IV) 
and finally the aqueous extract or the suspension was heated for half an hour in 
boiling water (V). 

All the suspensions were brought to the original volume of the extract, and 
0.25 ®/, phenol was added. 


The following table shows the hemolytie action of rabbit’s sera, after 
two intraperitioneal injections (at an interval of a week) of the five 
extraets deseribed above. The amount of every injection was about 
equal to 1 grm of kidney-substance; allowance ‘should here be made 
to the fact that in percolating a large portion of the kidney-substance 
is left behind. 

The dilution of the sera was 1:250; 0.5 c.c. of this dilution 
is added 0.5 e.c. of guinea pig complement 1:10 and 0.05 °/, 
sheep’s blood. 


\) The subject will be discussed at length elsewhere. 
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In the following table the degree of hemolysis after one hour is 


indicated as follows: 
c— complete; a.c. = almost complete; m —= marked; d= distinct; 


1 faint; ir = trace; 0 = none; 


m — 


Injection of I I II | IV V 
preparation 
Number of 2 1415110117118 A 
Ä 2 
| 


the rabbits 


| 


c. | c. |c. 


.|0.|0. tr. tr. la.c. 
| 


Sera 1, 2 and 4 also dissolved completely in dilutions of 1:1000, 
1:500, 1:500. The experiment described here, indieate that the 
kidney-substance, treated with alcohol at room temperature, has still 
the power to generate hemolysins but in a much smaller degree than 
the original emulsion. Under the actual conditions this immunizing 
capacity was abolished almost completely by boiling with alcohol. 
The antigenie property is still well preserved after boiling in aqueous 
solution (Dorrr and Pick), although it should be noted that the 
serum titre was lower than after the injection of the unheated 
material. 

My investigation therefore proved that by treating with alcohol, 
substances are brought into solution, which react with hemolysin in 
vitro; that however, they have lost their immunizing capacity, and 
that the residue which is left after aleohol-extraction, has a much 
weaker antigenic property, which is all but abolished after heating 
with alcohol. 

It seems to me that the most obvious interpretation of the facts 
recorded is, that the antigen is made up of a part, that is essential 
to immunization and is probably built up of protein, and of another 
part combined with this, which contains the specifie reaeting groups 
‚and is perhaps a lipoid. Furthermore it appears, that the latter can 
be separated from the former by means of alcohol. 

This view is supported chiefly by results obtained in experiments 
that I published some time ago '). These experiments proved that 
there are substances which probably react specifically in vitro, without 
being antigens. 


As it will be convenient to have a special name for such 


!) K. LAnDSTEINER. Biochem. Zeitschr. 93 j i 
. 98. pag. 106 (1919) Biochem. Zeitschr. 
104. pag. 280 (1920). = Mr 
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substances which react specifically with immune serum which however 
do not immunize and consequently are not antigens, I propose to 
term them as haptens. 

As to the chemical composition of these haptens from the horse’s 
kidney, I obtained results from preliminary tests, which in some 
way correspond with those achieved by WERNICKB and SORDELLI'). 
However, I was not able to prove, whether the data concerning 
the solubility of this substance might be confirmed in all points. 

If it is true that organs of different animal species, which possess 
heterogenetie antigens, contain "compounds of protein and one or. 
similar haptens, it can be understood that material derived from 
quite different sources should bring about the formation of antibodies 
producing a similar effect. 


The Haque. From the R. K. Hospital Laboratory. 


1) WERNICKE en SORDELLI. Revista del Inst. Bacteriol. Buenos-Aires Vol. II. 
p- 281 1919. 


Physiology. — “Concerning the Sensitivity to Poisons ım Animals 
suffering from Avitaminosis. By W. Storm van LEEUWEN and 


F. Verzir. (Communicated by Prof. R. Macnts). 


(Communicated at the meeting of November 27, 1920). 


Eıskman found in 1893 that fowls, fed on polisbed rice, develop 
polyneuritis, and that this disease could be prevented by an under- 
milled rice-diet, or by adding to the polished rice the “silverlayers” 
detached from it. He found, moreover, that in man an abundant 
diet of polished rice subserved the development of beri-beri, whereas 
the disease was not produced, or if already produced, was cured 
when the silverlayers had been added to the rice. Later on it 
appeared that these findings bear on a special case of a general rule. 
Not merely in unhusked rice, but also in all sorts of foodstuffs, 
constituents occur that are essential for the normal growth and the 
healthy condition of men and animals, even though these foodstuffs 
contain an adequate amount of the proper, long known nutritious 
element. These constituents, whose real nature is unknown as yet, 
are often classed together as “vitamins’. 

Through the latest achievements in this field, notably of American 
workers, our knowledge of these things has largely increased. We 
now know that the term “vitamin” is not applied to a single sub- 
stance, but that it includes various accessory foodstuffs, the fat 
soluble A and the water soluble 3, and perhaps a third substance 
C; we are also aware thal according as various nutritious elements 
are wanting in the foodstuffs, the symptoms of a disease may be 
widely different and that these symptoms may also be very different 
in different animals. Many experimental data eoncerning the oceur- 
rence of vitamins in various foodstuffs have been brought forward. 
There is one thing, however, of which we must still admit great 
ne nl tn 2 ee 
Some hold that under certain ae FR n RR a a 
a predisposition to infection witl Fe ee ob a 
ee Ron acteria, but this suppoSi- 

; ion and certainly does not 
clarify every case. 


The symptoms of avitaminosis that present themselves are disorders 
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in the innervation of the striated museles, disorders in the innerva- 
tion of the unstriated muscular tissue (paralysis of the esophagus 
and the gastro-intestinal canal in the fowl, among others) and also 
trophical disorders. These disturbances are no doubt partly of a 
nervous character; in animals suffering from avitaminoses, e.g. in 
fowls attacked by polyneuritis, distinet anomalies occur in the peri- 
pheral nerves. These anatomie anomalies, however, cannot be the 
deeisive factor in the origin of the avitaminosis, since very often in 
animals, exhibiting marked symptoms of avitaminosis, an injection 
of the vitamins concerned may exert a highly curative effect in a 
very short time, so that the animal may practically be cured. This 
leads to the eonelusion that part of the disorders oceurring with 
avitaminosis are doubtless functional, i.e. the organs of the animal 
do not react on the stimuli present at that moment, but may 
recover, or nearly so, their normal function again through the addition 
of a special substance: vitamin. 

It should seem then that with avitaminosis the condition frequently 
oceurs that several striated and unstriated muscles do not indeed 
react, but that they may be incited to reaction through the addition 
of a special substance. 

The question, therefore, arises: Why do these striped and smooth 
museles not react? 

In our judgment three possibilities must be considered, anyhow so 
far as the unstriated museular tissue is concerned: 

Firstly, the organs do not react, because the substance which has 
to stimulate the organ is not present in an adequate amount. 

Secondly: the organs do not react because their sensitivity to 
stimulating substances, even if present in an adequate amount, is 
lessened. 

Thirdly: the sensitivity of the organs is normal, there is sufficient 
quantum of stimulating substances, but speeifie (colloidal) substances 
are wanting in the body of the animals, which have to facilitate or 
to promote the action of the stimulating substances through the 
organs. 

An intimation that influences on the sensitivity of unstriated 
museular tissue are in operation in the symptoms of avitaminosis, 
ie found in a report by UHLMANN 1), who showed that in a vitamin- 
preparation, Orypan, there is a substance which plays an influence on 
unstriated museular tissue which resembles the influence of pilocarpin. 


Without having taken any cognızance of UHLMANN’S researches, 


1) Fr. ULHMANN. Beiträge zur Pharmakologie der Vitamine. Habilitationsschrift. 
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Verzir and Böser had examined the influenee of extraets, which 
certainly contained fat soluble A or water soluble B on various 
surviving organs, and had found this influence to be inappreciable. 
However, since owing to external eireumstances, they were not in 
a position to examine also the “vitamin”-properties of their extracts, 
and since their extraets were most likely different from UHLMANN’S, 
Uurmanv’s finding is by no means disqualified by their investigation. 

We believe that prior to any endeavour to better understand the 
action of vitamins, and to realize the significance of the observations 
made by UHLMANN a.o., it is necessary {0 decide on the three possi- 
bilities suggested above. 


For this reason we narrowly considered the probability expressed 
in the second question by trying to ascertain whether in animals 
suffering from avitaminosis a lessened or anyhow altered reaction 
on poisons could be demonstrated. Of course, if in this way an 
altered reaction was found, it still remained for us to decide whether 
this altered reaction rests on a modification of the sensitivity of 
the organs (compare sub 2) or would prove to depend on the possi- 
bility suggested sub 3. 

We experimented with fowls and with cats. 

The fowls were fed for some weeks on polished rice. As known, 
these animals relish this food at first, but their appetite for it gradu- 
ally diminishes and soon they most often show a disinclination to 
eat it; then we had recourse to “forced feeding”. Tbeir reaction on 
poisons was not examined in these experiments until marked symp- 
toms of polyneuritus made themselves evident; some animals were 
already moribund during the experiment. We anaesthetized the 
animals with ether, registered the bloodpressure and determined the 
sensitivity to adrenalin, to cholin and to histamin intravenousiy; 
we also ascertained how strong the electrie current had to be for 
the vagus-stimulation to yield a distinet lowering of the bloodpressure, 
and subsequentiy we endeavoured to determine the quantity of 
atropin that was required to abolish this influence of the vagus on 
the bloodpressure. 

After this bloodpressure-experiment the animal was killed and the 
gut, in some cases also the esophagus, was removed, put into Tyrode- 
solution and the same day or Ihe next we determined the sensitivity 
of the surviving gut to pilocarpin, to atropin, afterwards also to 
cholin and to histamin. 

Not knowing the sensitivity of normal fowls to the above-mentioned 
poisons we first examined four normal fowls. 
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In the four cats which were examined, an avitaminosis was elicited 
by means of a prolonged meat-diet, the meat being prepared in the 
manner described by Vorernis '). The meat deprived of its fat and 
made alkaline, was heated to 120° in the autoclave- for three hours. 
This meat, when neutralised by the addition of acid, was relished 
by the cats. 

In our experiments with cats a special inquiry into the reaction 
of normal animals was not necessary, because we had sufficient 
data, already obtained in our laboratory, at our disposal. 

We wish to call attention to the fact that, although the symptoms, 
exhibited in onr animals, depended for the major part, anyhow in 
fowls, on a defiecieney of water soluble 3, the food was devoid not 
only of one but of several vitamins, and there was also a deficieney 
of other foodstuffs; but this did not matter iu our investigation, 
considering that we only wished first to ascertain whether a deficiency 
of vitamins would at all result in a difference in sensitivity. Had 
this inquiry yielded positive results, we still should have had to find 
the special vitamin, which was the determinant factor here. Seeing 
that the result was negative a more detailed investigation was no 
longer needed. 

The results of our research will be published in exteneo elsewhere. 
Suffice it to say here that — beyond expectation — in morbid 
animals the reaction did not in any respect differ from that found 
in healthy animals. True, there occur rather marked individual 
deviations in sensitivity to the poisons examined, but these were not 
greater in the diseased animals than in the normal ones. 

When we assume that many of the automatic functions of the 
unstriated museles are brought abont by chemical stimuli, and when 
we see moreover that in many unstriated muscles that function 
has lost much of its activity in animals suffering from avitaminosis, 
then the result of our researches compels us to believe that in these 
diseased animals there is presumably a deficieney of stimulating 
substances, and that the receptive organ is not the seat of the 
disturbance, and also that the decrease in activity is not brought 
about by a deficieney of (colloidal) substances that promote the action 
of poisons. 

We have already pointed out that UHLMmann has established that 
a vitamin-preparation (orypan), examined by him, acted pharmaco- 
logieally in a similar way to pilocarpin. On this finding is based 

ı) Carı Voreruin and G. U. Lake. Experimental Mammalian polineuritis produced 
by a defieient diet. 
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ase of avitaminosis an impaired function 
of many organs is caused by a deficieney of a substance, which is 
supposed to be a constituent of “orypan”. We believe that this 
problem is not yet ripe for solution for the simple reason that only 
few positive facts are known. We only wish to point out that the 
above hypothesis migth be supported by the results of our research. 


the hypothesis that in the c 


CONCLUSIONS. 


When avitaminosis has been elieited in fowls through a polished 
rice diet, or in cats fed on specially prepared meat, the sensitivity 
of the animals to, adrenalin, histamin, cholin, and atropin, and the 
sensitivity of the surviving organs of those animals to histamin, 
pilocarpin, atropin and cholin, is unmodified. 


In two experiments it was proved that atropin (in doses of from 
0,001 mer. to 1 mgr. added to 75 c.c. of Tyrode) had no inhibitive 
effeet on the guts of fowls suffering from avitaminosis; these guts 
performed only faint spontaneous movements. The gut of normal 
fowls displayed unmistakable inhibition on the application of atropin. 
In view of Le Hzux’s experience of the influence of cholin on the 
inhibitory or (he stimulating effect of atropin on the gut, this would 
also lend support to the conception that in hens fed on polished 
rice a stimulating substance in the gut is wanting. 


Physics. — “The rectilinear. diameter of hydrogen”. By E. Marnıas, 
C. A. Crommeun and H. KameruinGH OnNes. Communication 
N°®. 1545 from the Physical Laboratory at Leiden. (Communi- 
cated by Prof. H. KAMErLINGH ÖNNES). 


(Communicated at the meeting of January 29, 1921). 


$ 1. Introduetion. This communication forms the continuation of 
a series of contributions to the knowledge of the density-curves for 
liquid and saturated vapour and of the diameters», in the case of 
substances of low eritical temperature and simple molecular struc- 
ture. The investigation by means of the dilatometer-method was 
‚started in the Leiden physical laboratory a considerable time ago 
and has dealt successively with oxygen '), argon ?) and nitrogen ?). 
Great importance was attached to ihe extension of the measuremenis 
to hydrogen for the knowledge of its equation of state, especially 
in connection with previous determinations of the liquid densities 
between boiling point and melting point‘), of the eritical point °) 
and the various computations of the critical density °) °). 

The research could not be carried out, however, until the experi- 
mental diffieulties had been overcome as regards the construction 
of a transparent bath of constant and uniform temperature between 
the eritieal point and the boiling point, i.e. between about — 240° 
C. and — 253° C. 


$ 2. The apparatus for the compression of hydrogen, the mea- 
surement of the liquid and vapour volumes, the determination of 
the vapour pressures and that of the volume of the gas under 


ı) E. MartHıuas and H. KAMERLINGH ONnNESs, these Proceedings 13, p. 939, 
Leiden Comm. N0. 117. 

2) E. MatHıas, H. KAMERLINGH ONNES and C. A. CROMMELIN, these Pro- 
ceedings 15, p. 667, Leiden Comm. N®. 131a. 

s) E. MartHus, H. KAMERLINGH Onnes and C. A. CROMMELIN, these Pro- 
ceedings 17, p. 953, Leiden Comm. N. 145. 
4) H. KAMERLINGH OnnEs and C. A. CROMMELIN, these Proceedings, 16, 

p. 245, Leiden Comm. N®. 137a. 

n H. KAMERLINGH ONnnNes, C. A. CROMMELIN and P. G. CATH, these Procee- 
dings 20, p. 178, Leiden Comm. a 

6) J. J. van LaarR, Chem. Weekblad 16 (1919), p. 1557. 
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normal conditions were exactly the same, as those used in the case 
of nitrogen. For these we may therefore refer to the paper on the 
diameter of nitrogen quoted above. 

As regards the ceryostat, only & small part of the temperature 
range of the measuremenis might have been covered with a liquefied 
gas, namely with neon (boiling point — 345°.92 C., triple point — 
948°.67)'). Uniform and constant temperatures over the whole range 
can only be obtained by means of superheated vapour, a8 used in 
the hydrogen vapour cryostat deseribed on: a former occasion ?). But 
this apparatus, being opaqne, could not be used without alteration, 
sinee the position of the meniscus in the dilatometer has to be read. 

A description of the modified arrangement by which we succeeded 
in obtaining a transparent bath of superheated hydrogen vapour 
which answered all requirements, will be given in the next com- 
munication °). 

The hydrogen was freed from all impurities by freezing in liquid 
hydrogen ‘) and is therefore to be looked upon as having been 
absolutely pure. 


$ 3. The experiments were also conducted in Ihe same manner 
as in the case of argon and nitrogen. 

The quantity of liquid or vapour in the dilatometer was found 
by reading the position of the meniscus on the scales of the upper 
tube or the appendix at the bottom of the dilatometer; the hydrogen 
was then blown off into the carefully exhausted volumenometer and 
the quantity collected was finally measured under normal conditions. 

Althouglı a series of vapour pressures of hydrogen between the 
eritical point and the boiling point was available °) for the purpose 
of the necessary corrections, it seemed advisahle to make measure- 
ments of the pressure regularly during the experiments. For this 


1) H. KAMERLINGH OnneEs and C. A. CROMMELIN, these Proceedings 18, p. 515, 
Leiden Comm. N®. 147d. In this paper on p. 518, line 8 from the bottom, 
(Leiden Comm. p. 52, 1. 10) the pressure 76.00 should be replaced by 75.95 
(one atmosphere at Leiden). The temperature of the boiling point — 2459,92 
ıs correct. 


N = KAMERLINGH ÖONNES, these Proceedings 19, p. 1049, Leiden Comm. 
5 a. 


s) H. KAMERLINGH OnnEs and CO. A. CROMMELIN, th P i 

p. 1185, Leiden Comm. N?, 154c. a - 
sh. n ß 

we Ra OnneEs, these Proceedings 11, p. 883, Leiden Comm. 
DER; G. CArH and H. KAMERLINGH Onnes, these Proceedings 20, pp. 991, 

1155, Leiden Comm. No. 152a and P.G. CAtH, Dissertation, Leiden 1917, p. 103. 
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purpose we used the open standard manometer '), since the pressures 
were all below 12.80 atm. (eritical pressure) and in our closed 
hydrogen-manometer, which is otherwise much simpler in use, the 
mercury does not become visible till 20 atmospheres. 

To -tbe results of these measurements and the use made of them 
in the caleulation of the eorreetions we shall return in disceussing 
the caleulations. e. 

The temperature was measured and at the same time kept constant 
by means of two platinum resistance thermometers Pt,, and Pi, 
which were compared with a helium thermometer shortly after the 
measurements and under exactly the same conditions, i. e. in the 
eryostat and at the same temperatures as had been used in the 
diameter-measurements. The agreement of the two thermometers 
was completely satisfaetory.?) | 

The temperature to be taken for the glass capillary of the dilato- 
meter was this time separately determined with a simple gas ther- 
mometer in the form of a tube which was mounted beside the 
capillary in question in the lid of the ceryostat, and had been 
similarly used in previous measurements?). In this manner the 
temperature of the capillary is measured in each determination 
separately, instead of making an estimation or deriving it from 
previous determinations; (he method also simplifies the caleulation 
of the correetions, since only one temperature is dealt with, whereas 
before the capillary had as a rule to be divided into three portions 
each with its own mean temperature ?). 

A few days before the commencement of the real measurements 
a “general rehearsal’’ was held, chiefly to ascertain the degree of 
constaney and uniformity of the temperature to be obtained with 
the new ceryostat, and the influence of various methods of illumi- 
nation on the temperature. The filling of the dilatometer with liquid 
hydrogen was found to proceed without a hitch. 

During the period of the measurements the illumination trials 
were eontinued for the first ten days: a metal wire lamp behind 
a vessel with alum solution was found to give no disturbance ; with 
elear weather diffuse daylight was also sometimes used. 


ı) H. KAMERLINGH Onnes, these Proceedings 1, p. 213, Leiden. Comm. N. 44. 

2) Comp. fig. 2 of the next communication. 

3) For instance by P. G. CarH and H. KAMERLINGH ONNESs, these Procee-- 
dings 20, p. 991, p. 1155, Leiden. Comm. N’. 152« and P. G. Caru, Disser- 
tation, Leiden 1917, Figure on p. 101. 

% F. HEnnInc. Die Grundlagen, Methoden und Ergebnisse der Temperatur- 
messung (1915) pp. 46 and 47. 
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The first six experimental days were used for studying one definite 
temperature, — 243°10, in order to obtain as much routine and 
experience as possible, in the management of the eryostat (s0 dif- 
ferent in principle from the ordinary liquid baths), as also in the 
adjustment of the equilibrium and the taking ‚of the readings. 
Special attention was given t0 checking tbe equilibrium between 
vapour and liquid. When this is reached, not only the hydrogen 
meniseus in the dilatometer but also the mercury in the tube of 
the compression ceylinder remains at absolutely constant level, some- 
times after eonsiderable intervals of waiting. Both the liquid density 
and that of the vapour were measured three times; moreover A 
number of measurements of (he vapour pressure were made under 
various conditions (meniscus in appendix, bulb or tube). 

In the discussion of our results it will appear that in a special 
range of temperatures certain circumstances prevail which affect 
the measurements of the vapour density and require to be more 
fully investigated. 

For the reduction of the experiments the pressure in the dilato- 
meter has to be accurately known and for this purpose, as men- 
tioned, during the measurements a great number of pressures were 
determined, referring therefore to a meniscus sometimes in the 
appendix and sometimes in the tube; moreover a number of readings 
were taken with the ‚hydrogen meniscus in the bulb of the dilato- 
meter, in which case a proper equilibrium between liquid and 
vapour can be better counted on. The measurements with the 
meniscus in the appendix and the tube, i.e. with little or much 
liquid, also serve to form an opinion as to possible deviations of 
the temperature low down and high up in the cryostat, since the 
absolute purity of the hydrogen could be assumed as certain. These 
pressure measurements we would rather not call “vapour pressure 
determinations”, since for determinations of that kind, when properly 
conducted, stirring is an absolute necessity. We propose shortly in 
the same cıyostat to measure vapour pressures of hydrogen in a 
piezometer with electro-magnetie ‚stirrer. 

The result of our pressure measurements was as follows: the 
readings in the bulb, when plotted, lie on a smooth curve, which 
as it seems to us cannot deviate appreeiably from the true vapour 
pressure curve; the readings in the appendix are a little less regular, 
'but they do not show any systematice deviations from the previous 
ones; the observations in the tube, on the other hand, at correspond- 
ing temperatures consistenly give slightly higher values. 


From this we have to infer, that the temperature must have been 
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slightly higher high up in the eryostat, than half way down and 
below. We intend to check this result shortly by special measure- 
ments in the eryostat. But although thus there appears to bea small 
difference of temperature below and above, this causes but a very 
small inaccuraey in our density determinations. The middle of the 
resistance thermometers, which were mounted parallel to the dilato- 
meter, was about on a level with the middle of the dilatometer; 
hence the temperature indicated by the thermometers must be very 
near the mean temperature of the dilatometer and this is the essential 
quantity. 

For the reduction of the ‘“noxious” volumes the pressures were 
of course used as measured, without any correction. 

It may be mentioned that for the whole series of measurements 
no less than about 170 litres of liquid hydrogen and 400 litres of 
liquid air ‘were required. 


z 


$ 4. The caleulations. For these we may again in many respects 
refer to previous communications. The reduction to the normal con- 
ditions of the gaseous volumes in the noxious spaces at low tempe- 
rature gave no difficulties, since the thermal behaviour of hydrogen 
at the temperatures and pressures of the experiments is accurately 
known )). It was a great convenience, that these measurements have 
been united in a special reduced equation of state for hydrogen 
VI. 4,.3.°); by using the coeffieients in this equation the various 
reductions could ‘be accurately computed. 

The volumes of the hydrogen menisci were found by using pre- 
vious measurements in {he Leiden laboratory concerning the capillary 
constants of hydrogen °). For the manner in which these caleulations 
were made we refer chiefly to our paper on the diameter ofargon. 

For the density of hydrogen under normal conditions, i.e. the 
mass of 1 litre of hydrogen at 0° and 1 atmosphere Morky’s value‘) 
0.089873 was taken, which appeared to us to deserve most eonfidence. 

As regards the accuracy of our measurements it may be observed 
that 0.1 of a mm. on the tube of the dilatometer corresponded to 
an accuracy of the liquid volume of about Yaooo; this accuracy 


1) H. KAMERLINGH OnNEs and C. BrAAK, these Proceedings 9, p. 754; 10, 
p. 204, p. 413, Leiden Comm. Nrs. 97a, 99a, 100a. 

®%, Published by J. P. Darton, these Proceedings 11, p. 863, Leiden Comm. 
N’. 109a. 

3) H. KAMERLINGH Onnes and H. A. Kuypers, these Proceedings 17, p. 528, 
Leiden Comm. N’. 142d. 

#4 E. W. MoRrLEY, Zs. f. phys. Chemie 20 (1896), p. 68, 242, 417 and 
SMITHSoNIAN Contr. to knowledge 1895. 
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eorresponds to Y/,,, of a degree in the temperature and to this same 
amount the temperature in the cryostat could be kept constant for 
a long time, when the conditions were favourable. The accuracy of 
the measurements in the volumenometer could be made much higher 
without any diffieulty. Taking into account the specially favourable 
conditions under which the measurements were made, we think 
we may put the accuracey of our results for the liquid densities at 
Yo, As regards the vapour densities we must suspend judgment, 
as certain deviations are left as yet unexplained. 


$5. Results. The results are plotted in fig. 1 and contained in 
the following table. The .plot as well as the table also give the 
previous Leiden measurements of the liquid density between the 


| | OL in O-C 
| 9 | “ ® Tlig. Ron. 2 | Bin, | abs. in %/9 
= 240.51 32.52 0.04316 |0.01922 | 0.0319 0.03128 | —0.00009, —0.29 
zös|| 2 326 00 100 si + + 10 
e| IT | | 
25°] 24.03 30.06) 5402 1081) 324 3225 + 164 4 
Emo 
EA Ma02m 0 0 u m 2 6 
SE | 
se mmol | os tr 8 
ESOl| arm 3.0 a6 5 a a2 1-3 
= 1 249.89 23.20 6724 264| 3494| 3495 | — 1-3 
sg 7292.08 120.41 .0,01081 |0.0013510.03008 | 3005|4 3 + 8 
S 
2 253.24 19.85| 7137 116) 3627| 3627 0 0 
[e) 
n2 253.76 19.531 mo2| 1onl 3647| .368l— -ıl— 3 
z € 
ö: 255.19 17.90 7344 64 3104| 3704 0 0 
ei 255.99 17.10, 7421 49| 37361. 3735| 4° 1+ 8 
_ 
ie 256.75,16.34| 7494 
os 94 383 Sr rs 
5 571.23|15.86 7538 31| 3184| 3784 0 0 
258.27 14.82 7631 20] 3826|. ans] 6 ME 


9 = temperature on Ihe Knwvin-scale in degrees centigrade. 

Orig. and Or yap. We the densities of the liquid and vapour 

respectively, in grammes per cm’. 

y (0) is the observed ordinate of the diameter, i.e. the mean 
of the figures in the previous columns. 
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boiling point and the triple point and the corresponding vapour 
densities, as found by calculation. These values have also served in 
the computation of the diameter constants. 


Fig. 1. 


From the values of y(0) the equation of the diameter was deduced 
by the method of least squares; the first three values nearest (he 
eritical point were, however, left out of account, since they gave a 
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somewhat eonsiderable deviation from the straight line, as a preli- 
minary plot has shown. In this manner the rectilinear character of 
the diameter is duly observed and the critical density is found in 
a more rational way tban otherwise. 

The equation of the diameter being written in the form 


Yu En bt 
the eoeffieients are found as follows 
a= — 0063510. 
b = — 0:00039402. 


The 6'h, 7th and 8: column of the table refer to this caleulation ; 
y(C) are the caleulated values of y, O0 — C the differences, absolute 
and in percentages of y(Ü) respectively. 


$ 6. Discussion. From the last column it appears that the devia- 
tions from the straight line are usually. small, less than "wo, except 
near the critical point, where they rise to almost "zw. The experi- 
mental diameter evidently shows a small hump. A similar hump, 
although very little marked, was previously found with argon, but 
on the other hand it was very pronounced with nitrogen. The 
maximum deviation there amounted to nearly "x. The magnitude 
of this deviation surprised us considerably at the time and made 
us suspect some irregularity in our method of observation or cal- 
ceulation as the cause. Since, however, we have now found a hump 
of a similar character, although four times lower, with hydrogen, 
we think we may infer that this result may be due to some 
systematice error, not yet explained, by which in some manner 
(condensation on the wall?) a not quite correet vapour density is 
observed. 

The slope of the diameter is given by the coefficient 

b = — 000039402 

the smallest valne so far found for any substance. 

The critical density as derived from the diameter, using — 239°-91') 
as the ceritical temperature, is 


Ora = 0.03102 


in complete accordance with the value previonsly caleulated 00310. 


A comparison of this value with the value to be derived from 
the isothermals by means of the equation 


m) 
0) Z RR dl. coöx.k. 


') These Proceedings 20, p. 178, Leiden Comm. N®, 151c. 
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(as in the case of argon) could not be made, since isothermals in 
the neighbourhood of the eritical point are not available. 
The critical coefficient becomes 


PEUKk 
Ku = —— = 3.276 
u RT 


the smallest value yet found for any substance. 

For a ready comparison with other substances of simple molecular 
strueture we subjoin the following table of the critical values, the 
diameter slope and the eritical coefficient, as far as known at the 
time with sufficient accuracy. 

The numbers concerning xenon are taken from the measurements 
of Parrerson, Crıpps and Gay), the others from the Leiden 
measurements. 


0; Okd & ‚ Raa 
x | +166 1-155 0-003055 | 3-607 
0, | —ı18:82 | 04299 2265 | 3:419 
Ar | 12244 | .0:5308 26235 | 3424 
N, | 1471-13 | 03110 1958 | 3-421 
H, | 23991 | 0°03102 03940 | 3276 


The data thus obtained, combined with the values of the vapour 
pressure, allow a computation of the heat of evaporation L and 


of the quantity 
d ) dh 5 
Bean Zee rem Mm 
dlog T\T DT #7. 


(m’ and m being the specific heats of the saturated vapour and the 
liquid respectively). 

In a later paper we hope to eommunicate {he results of these 
caleulations not only for hydrogen, but also for oxygen, nitrogen 
and argon. 

For the investigation ‚described in this paper we have bad the 
benefit of a grant from the Bonararte-fund allowed by the “Aca- 
demie des Sciences” of Paris, for which we. wish here fo express 
our profound gratitude. 


ı, H. S. PATTERSON, R. S, Crıpps and R. W. Gray, London Proc. R.S. 86 
(1912) p. 579. 
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We gladly thank all who have assisted us in carrying out. the 
measurements, in tbe first place Mr. F. M. . Pensing, who. was 
entirely responsible for the regulation and measurement of the 
temperatures and the calibration of the resistance thermometers, 
and made all the caleulations- involved every time; further Miss 
H. van. our Horst, who assisted in the’ temperature measuremenits 
and carried out and ealeulated the greater part of the observations 
with the helium thermometer; finally to Mr. G. J. Fr, chief 
mechanie of the eryogenic laboratory and to Messrs. L. and A. 
OUWERKERK, with whom the far from simple management of the 
vapour ceryostat was in very able hands. 


Physics. -— “Methods and-apparatus used in the eryogenic laboratory. 
XVIU. Improved form of a hydrogen vapour eryostat for 
temperatures between — 217° C. and — 253, N ByoH: 
KAMERLINGH Onnes and C. A. CrommeLın. Communication 
N°. 154c from the Physical Laboratory at Leiden. (Commu- 
nieated by Prof. H. KAmerLinGH ÖNNES). 


(Communicated at the meeting of January 29, 1921). 

$ 1. Introduction. In a previous communication one of us has 
deseribed a hydrogen vapour eryostat for temperatures between the 
melting point of oxygen and the boiling point of hydrogen '). During 
the preliminary determinations of the eritical points of neon ’) and 
of hydrogen’), made in this cryostat, it was found that in principle 
the apparatus properly performed its function, but at the same time 
we diseovered certain faults and deficiencies. When therefore the 
modification, which had been foreseen all the time and by which. 
it would become possible to take readings on a tube inside the 
eryostat, became necessary, we resolved with the assistance of Mr. 
Fri, chief mechanie of the eryogenic laboratory, to revise the con- 
strnetion in all details and rather than execute the modifieations as 
originally planned to build a new apparatus of somewhat larger 
dimensions. This new eryostat which in the various measurements 
has given almost complete satisfaction and may therefore be con- 
sidered to have approached its final form, will be described in 
tbis paper. 

The apparatus is shown in fig. 1, partly in section, partly in 
direct view, as appears easily from the different details. Moreover 
three sections are given at different heights, a view :of the turnable 
drum and diagramatically the electric connections, as will be further 
explained later on. 


1) H. KAMERLINGH Onnes, these Proceedings 19, p. 1049, Leiden Comm. 
N’. 151a. 

2) H. KAMERLINGH ONNES, C. A. CRoMMELIN and P. G. CATH, these Proceedings 
19, p. 1058, Leiden Comm. N’. 1515. 

3, H. KAMERLINGH ONNES, C. A. CRomMELIN and P. G. CarH, these Proceedings 
20, p. 178, Leiden Comm. N’. 15lc. 
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Fig. 1. 
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$ 2. Description of the cryostat'). 

The eryostat consists of two vacuum vessels, viz. an evaporator 
V and eryostat B, both enclosed in vacuum vessels with liquid 
air V, and B, and closed by german silver lids or capsV wand Bx. 

The principle of the apparatus consists in the experimental space 
E being kept at constant temperature by a current of gaseous 
hydrogen, the temperature of which is kept at a definite value by 
automatic regulation of an electric current through a heating wire. 

Let us follow the gaseous hydrogen on its way through the 
apparatus, as shown by the arrows. At db, it enters under small 
excess of pressure. For the manner in which the eurrent is kept 
constant and regulated, we refer to fig. 6 of Ihe previous paper on 
the vapour eryostat. It then flows through the copper spiral b,, 
which is cooled, as will appear presently, by the waste hydrogen, 
and the tube d; (of german silver in order to minimize the supply 
of heat to the liquid hydrogen below) from which it escapes at 
d, bubbling up through the liquid hydrogen which fills the evaporator. 

In this manner a fairly strong and regular evaporation of the 
liquid hydrogen is obtained; the hydrogen vapour passes into the 
tube ,, which continues as a spiral under the liquid hydrogen, 
and hence into the double walled vacuum tube d, which carries 
the gas (cooled to about — 353°) to the lower end of the ceryostat at b.. 

Here it enters the spiral-shaped heating space E, (see also section 
V—VI) and flows round a heating wire W, which heats the gas 
to about the desired temperature by means of an automatically 
regulated current. The space E, communicates at the centre through 
a hole with a second space E, above it. Here the gas first passes 
along a copper thermometer bulb A, (which serves for the regula- 
tion of the temperature, as will be explained further down), then 
along a resistance W, and finally rises through ds into a thiekwalled 
copper tube going four times up and down, the horizontal parts of 
which are seen in section IIT—IV at d,, the vertical soldered on 
the outside against the very thick copper mantle (for the purpose 
of a uniform temperature) of the experimental space Z; this motion 
up and down serves to communicate the required temperature to 
the copper ımantle. Finally the gas enters the experimental space 
E with the measuring instruments (in the figure a dilatometer D 


1) We here refer to Leiden Comm. N°. 151a (these Proceedings 19, p. 1049) 
where many constructional details are mentioned and the principle of the 


apparatus is explained; at the same time the present description is so arranged, 
that it may be read and understood by itself. 
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and two platinum resistance thermometers Pi, and Pt as used 
for the determination of the diameter of hydrogen ')) passes through 
it and by the holes in the lid # enters the space %, above; it is 
then carried through the vacuum tube d,, into the space surrounding 
the spiral d,, by which the gas inside acquires a preliminary cooling, 
and finally escapes by di, to a gasometer. 

The half automatic regulation of the temperature is very simple 
in principle. By the resistance W, the gas is heated to the desired 
temperature, the current being furnished by the accumulators Az (36 
volts) and adjusted by the regulating resistance W;. The gas-ther- 
mometer H, already referred to, which is eounected with the 
manometer through the capillary C, provides for the automatic 
closing and opening of the current, in a manner easily understood 
from the figure. As long as the temperature is t0O low, the mano- 
meter being properly adjusted, there is electric contact at D; when 
the temperature rises above the desired value, the contact is broken. 
When the ceryostat is in action and everything properly regulated, 
the automatie arrangement is continually in action and the current 
is opened and closed at regular intervals (of say 10 or 20 seconds). 

When this arrangement was tested, it appeared from the readings 
of the platinum resistance thermometers that owing to some inertia 
in the automatie action small fluctuations of the temperature in the 
experimental space of '02° to 03° were still present. With a view 
to a still finer regulation the resistance W, was then introduced 
in the space An. 

The eurrent through this small resistance is furnished by an accu- 
mulator A, aud is regulated by hand by the observer at the galvano- 
meter by means of the regulating resistance W,. The deflection of 
the galvanometer shows the small variations of temperature much 
more quickly than the automatic regulator can act and the observer 
is able by a change of W, at once to bring back the temperature 
to the desired value. In this manner it is possible to keep the tem- 
perature constant to .01°, sometimes during hours. 

The connecting wires of the various resistances are only shown 
diagrammatically in the figure. Thus Z, represents the 4 wires of 
the automatic regulator and the resistance W,, L, the eight wires 
of two platinum resistance thermometers Pi, and Pt,.. 

One of the prineipal desiderata in the previous simpler eryostat 
was the possibility to make visual observations in the space Z. The 
aperlures which had originally been made in ihe eöpper mantle for 


') E. Marhras, C. A. CROMMELIN and H. KAMERLINGH Onnes, Hase Pro- 
ceedings 23, p. 1175, Leiden. Comm. NP, 1545. 
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this purpose had afterwards been closed again by copper plates for 
safety, in order to avoid fluetuations of the temperature in consequence 
of the presence of these aperlures in connection with the small 
heat-capacity of the gaseous hydrogen. On the latter account the 
vapour eryostat requires much greater precautions than an ordinary 
liquid eryostat and for this reason in our first trials all superfluous 
complications were avoided. The diffieulty which was then feared 
(correctly, as we found later on) is met in the present model by 
providing the copper mantle with two diametrically opposite narırow 
glass windows and surrounding the mantle with a second one M 
of german silver (also shown separately in the figure). In this mantle 
two screw shaped slits have been cut. Thus a field Ä is left clear 
for illumination from behind and observation from the front. 

The mantle M may be turned by means of a glass rod @ and 
the cogwheel 7’ which works in a rack fitted on the outside of the 
mantle at the top: by this means X may. be moved vertically up 
or down. An experimental tube mounted axially in the space E 
may thus successively be observed from the bottom to the top. The 
resistance thermometers which do not need to be seen may be 
mounted excentrally. 

In this manner the aperture for visual observation which might 
produce fluctuations of the temperature by radiation is reduced to a 
minimum, and moreover the mantle can be closed by turning far . 
enough as soon as an observation is finished. 

We have systematically investigated whether the opening did still 
cause any change of temperature and for this purpose have tried 
various sources of light, for instance a metal wire Jlamp with or 
without alum filter, diffuse daylight, ete. A lamp without a filter 
immediately produces a rise in the temperature of a few hundredths 
of a degree. When a heat filter (alum solution) was placed between 
the lamp and the eryostat, and the light was used with eaution, no 
changes of the temperature of as much as .01° could be observed. 

In the silver coating of the vessels B and B, narrow slots have 
naturally also been left open, and similarly in the coating of vessel 
Y, in order that the evaporation of the liquid hydrogen may be 
followed. V is for the greater part unsilvered. 

The construction of these vessels, which was particularly diffieult 
in the case of the large oufer ones, we thank to the exceptional 
ability of the chief glassblower Mr. ©. Kussenrine. It seems as if 
with these largest vessels the limit of what can be done with eylin- 
drieal vessels has almost been reached. They have to be treated 
with the utmost care and have to be very slowly cooled, at least 
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for half an hour, before liquid air may be poured in. Even then it 
has bappened repeatedly that a vesgel of this kind burst, specially 
during the addition of liquid air in the narrow space between the 
vessels. 

To begin with we feared that the very low temperatures near 
the boiling point of hydrogen would give diffieulties and might 
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possibly not ‘be attainable -at all‘). This fear turned out to be 
unfounded. Temperatures of — 250° and — 251° do not procure 
any special diffieulties. 

It was mentioned above, that the temperature in the experimental 
space could be kept constant to .01 of a degree during a long time. 
In confirmation of this we here reproduce two curves draw n according 
to the galvanoıneter-deflections of the two thermometers Ptos and Pto,, 
representing the deviations of tie temperature as a funetion of the 
time. They refer to an observation at — 244.°38. It must be men- 
tioned, however, that the management of the eryostat is far from 
easy or simple. A great deal of routine and experience is required 
to work the cryostat in such a way that the above constancy of 
the temperature is attained, and it is only after repeated vain efforts 
that even our highly trained technical staff has now learned to 
make the apparatus answer to the slightest hint. 

Much is due to Mr. G. J. Frım, chief mechanie of the eryogenic 
laboratory, under whose able guidance the apparatus was designed 
and constructed, and further to Messrs. L. and A. ÖOuwERKERK both 
attendants 1st class, under whose supervision the apparatus now 
works so excellently. 


) Comp. Leiden Comm. Ne. 15la p. 4 note 15 


Physiology. — “On the Influence of the Season on Laboratory 
Animals”. By Prof. H. ZWAARDEMAKER. 


(Communicated at the meeting of January 29, 1921). 


This technical subject appears to be of general application. In 
previous publications the present writer and his co-workers have 
superadded to J. Lone’s balancing of ions of the eireulating fluids, 


.. Na+K - 
expressed in the equation M 57° — constant, the balaneing for- 
2 TI 
mula Sl has "— constant. In the latter formula the radio- 


Ca + Sr + Ba 
physiological antagonism between X and (UO),-+ Th. need not be 
taken into account '). 

Moreover, in earlier discourses the replacement of potassium by 
the other radio-active elements Rd, (U O), U, Th, lo, Ra, Em, has 
been repeatedly discussed °). 

Now the present writer wishes to point out that the dosages in 
which these elements are to be administered must be much smaller 
in summer than in winter. Of course, this difference is not brought 
about by the radio-active elements as such, but by the fact that in 
summer the organs are more sensitized by certain substances °). 

These substances can be washed out, so that in the transition 
periods the functionating of a summer-organ during some hours’ 
perfusion with an artificial but nonetheless efficient eireulating fluid, 
suffices to transform a summer-organ into a winter-organ. 

As regards sensitizing power, that of the washed-out substances 
is analogous to that of adrenalin. 

The organs operated upon were the hearts of frogs and of eels. 

A detailed publication will appear elsewhere. 


) GC. R. des Seances de la Soc. de Biologie 7 Juin 1919, 
2) Journal of Physiolpgy Vol. 53 p. 273 1920. 
3) Proceedings uf this Acad. 25 Sept. 1920. 


Physics. — “On the prineiples of the theory of quanta. By Pau 
S. Epsmeı. (Communicated by Prof. P. EBrenrest). 


(Gommunicated at the meeting of January, 99, 1921.) 


1. Introduction. The quantum-theory in the form, which in Tot 
P1anck !) has given it, depends on the application of statistical mechanies 
in the so-called “phase-space” of the canonical position- and impulse- 
eoordinates 9, 92+-:-4f5 Pı Pa: PP and eonsists in dividing this 
space into elementary regions of probability. The method obtains 
a considerable simplification for the solnble mechanical systems, 
since for them each impulse-coordinate p = Pi (M)- Instead of the 
2/-dimensional phase-space (f being the number of degrees of freedom 
‚of the system) it is then sufficient to consider the / “phase-planes” 
(Ps Qi)» which, as the author showed a few years ago’), gives great 
advantages in the treatment of these systems. In each of these planes 
the successive conditions of the system are represented by a curve. 
For the class of the “eonditioned-periodie motions”, the only ones 
for which so far quantum-conditions have been established, the 
curves in question are as a rule closed. The only exception is formed 
by the “eyelie eoordinates” which bear the character of a plane 
angle; a eyclie coordinate varies from O0 to 2 and the corresponding 
impulse is constant; hence the representive curve becomes a segment 
of a straight line parallel t0 the axis of abscissae. ?) 

Pranor’s hypothesis, as extended by Sommerresp and the author, ° 
consists in the assumption of the existence among the states of the 
system of certain preferential or “stationary” motions, wbich are 
represented by discrete curves in the diagram, the area of the phase- 
plane between {wo successive stationary curves being equal te the 


universal constant / 
ra=r ee U e ART UER]) 


If the area of the narrowest of these enrves (or for eyelic coor- 


1) M. PLANCK. Verhandelingen van het Solvay-congres. 
2, P. S. EPSTEIN. Ann. d. Phys. 50, p. 489; 51, p. 168, 1916. 
3) This case was discussed for the first time by P. EHRENFEST. Verh. d. 
D. phys. Ges. 15, p. 451. 1913. 
77 
Proceedings Royal Acad. Amsterdam Vol. XXI. 
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dinates the one nearest the axis of abscissae) is equal to /,, that of 
the (n + 1) si stationary orbit will be 


fpaa — 1 + nh . “ . . . . . ® (2) 


h, has therefore to be determined, in order tbat all the stationary 
curves be fixed. Fu 

For this purpose Praner !) lays down tlıe principle, that the 
narrowest orbit must coineide with the natural.boundary of the 
phase-plane ; i.e. if on any grounds, connected with the nature of 
the system, the integral (1), which is essentially positive, cannot 
fall below a definite value, the latter has to be taken as A,. In 
most cases a lower limit of that kind does not exist and the integral 


may be taken equal to zero, whence 


fd = 


In his treatment of the relativistice Kepler-motion SOMMERFELD ?) 
found the case to be different ; he there gave a lower limit p, — xe*/c ’) 
for the constant azimuthal impulse ; this would give ,=2#p,. It 
would therefore, as pointed out by Pranck, be necessary to take (2) 
as the fundamental relation, whereas experiment (the Balmer-series) 
can only be reconciled with supposition (2’). SOMMERFELD *) tried to 
remove this contradietion by pointing out, that when the motion of 
the nucleus is taken into account the numerical value of the limit- 
ing impulse is smaller than xe’/c. In what follows we hope to prove 
that the lmitation of the phase-plane by the value p—=p, is only 
an appareni one, even ıf the motion of Ihe nucleus is left out of 
account, and that » can very well fall below this value: at the 
same time the character of the motion is then essentially changed. 

The admissibility of stationary orbits of azimuthal impulse p = 0 
which on SOMMERFELD’s theory seemed to be excluded is thereby 
proved in principle. As long as we are dealing with attractive forces 
(nucleus and electron) these orbits are hardly of practical importance, 
as they must lead to a collision of eleetron and .nucleus. But the 
case changes, when the forces are repulsive (nucleus and e-partiele); 
the orbits are then hyperbolie. If the qnantization of such orbits is 
admitted, interesting physical conelusions follow which appear to 


') M. PrAanck. Ann. d. Phys. 50, p. 385. 1916. 
%) A. SOMMERFELD. Ann. d. Phys. 51, p. 57. 1916. 


%) Here e is the charge of an electron, xe that of the atomic nucleus and 
c the velocity of light. 


#) A. SOMMERFELD. Münchener Ber., p. 137, 1916. 
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give an explanation of certain recent experimental results of RUTHER- 
FORD’S”). The question raised by the author’) before as to the 
quantization of non-periodie motions is therefore put once more 
and discussed in a different manner ($ 4, 7). 


$ 2. The apparent boundary of the phase-plane p= p.- 
The relativistie Kepler-motion is given by the following equation 
between the polar cvordinates r,@ (ef. l.c. p. 819). 


1 B [ Vr’—p,’ 
— = —— | 1— 8008 (pp | ES 
r pP ne p’ = 


. (4) 
a=«(4+2m) [ | 


a represents the energy of the system, c the velocity of light, 
m the mass of the moving particle. The positive sign of D refers 
to the case of attraction, the negative sign to repulsion; 9, is the 
azimuth of the radius vector with respect to the aphelion. 

For p>p, with negative energies (A<{ 0) and attracting forces 
(B>0) the orbit is an ellips with perihelion-motion. The procession 
of the perihelion increases in speed, the smaller the difference p’—p,', 
and in the limiting case »y—=p, the orbit converges on the nucleus 
in a manner similar to an Archimedian spiral): 


1 Ah j A i 
_—  — I(p— — — ° . . n & . . 
I P—P B (8) 


But nothing prevents us from now taking p </ p,; the expression 
(3) then assumes the form: 


1 B Vp’—p? 
a ee 
p h 


ni rParrP" 

The right-hand side of this expression for a very large positive 
or negative value of p becomes exponentially infinite independently 
of. the value of the excentrieity e. The two extremities of the orbit 
thus approach logarithmie spirals. It further follows from (4) that 


) E. RUTHERFORD. Phil. Mag. 37, p. 537, 1919. 
9) P. S. Epstein. Ann. d. Phys. 50, p. 815, 1916. This paper will be 


quoted here as l.c. 
3) Comp. A. SOMMERFELD Ann. d. Physik. 51, p. 50 1916. 
1(* 
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for A=0 sZ1. Thus with negative energy 7 always remains finite, 
Dun ar 


the particle moves out from the centre and again returns ‚to it. 

When the energy disappears or becomes positive the orbit divides 
into two branches which run from the centre to infinity or vice 
versa. In the limiting case p—=0 r is only finite for = 9, 1.e. 
the motion is rectilinear. 

Thus it is seen, that in reality there is not a limit py=p, atall: 
with small positive values of p—P% the orbit eneireles the centre 
many times, while » diminishes, but remains at a finite distance 
from it which passes through a minimum and then increases again. 
For p=p, the eurve runs into the centre asan Archimedian spiral. 
The approach 10 the centre is even more rapid when p<{ p,, the 
spiral becoming logarithmie. It must not be supposed that the particle 
in its motion on the spiral will permanently remain near the centre: 
for although the spiral eneircles the point an infinite number of 
times, its total length is finite and the time to describe it from a 
finite distance, as a simple caleulation shows, is also finite and 
practically very small. Therefore the collision will oceur very soon. 


$ 3. Quantization of the spiral orbits. In the last section we have 
shown, that in the relativistie Kepler-motion, even with negative 
energy, besides the ellips-like orbits other forms are possible which 
are of finite length and are only once described. 

The question now arises, whether these motions can be submitted 
to quantum-conditions and in what manner this would have to be 
done. Our answer to the first question is implieitly contained in the 
above discussion: the disappearance of the limiting value 4, in 
assumption (2) we have explained by the fact that orbits have to 
be taken into account for which p is less than the azimuthal quantum 
P.. It follows that these orbits join on continuously to the others 
and must be equivalent to them from the point of view of the 
quantum theory. Since for » >p, the stationary motions are given 
by the relation p=nh/?2rn n=1,2,....), it follows that forp<p, 
the only possible stationary condition is p—= 0. This eonelusion is 
strengthened by the eircumstance that when the movement of the 
nucleus is taken into account (as proposed by SOMMERFK1D) similar 
spiral-shaped orbits have to be considered in order to explain the 
possibility of p=0: this can be easily shown to be the case. 
| We have therefore only to discuss (he quantisation of the radial 
impulse: its dependence on the radius vector » and on the constants 
of the problem is given by the equation (l.e. p. 823). 
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which is represented graphıcally in Fig. 1 for p<{p.. The curves 
nearest the axis of ordinates correspond to large negative values of 
the energy constant «. With inereasing energy the curves bend ont 
more and more and for «—0 they divide into two branches which 
approach asymptotically to the axis of abscissae. For « positive the 
asymptotes are straight lines parallel to this axis. 

For smail values of r (7) reduces to 


% £ | 
ale Se meere 


i.e. at a distance from the axis of abseissae the curves are hyperbolic. 
The area of such a curve is logarithmically infinite and the difference 
between the area of two curves is also always infinite, unless we 
apply artifieial means such as the formation of the prineipal values 
of the integral. Since according to the quantum theory ihe areas 
of two suecessive stationary curves must differ by the finite quantity Ah, 
it follows that in this case the stationary energy stages must be 
infinitely dense, i.e. all values of the energy are “selected” in the 
sense of the theory. Whereas the selected values of » form a series 
of diserete numbers, those of «@ form a continuum. There are thus 
an infinite number of motions which starting from the zero reach 
as far as we like. All these orbits lead to a collision with the 
nueleus and for this reason they are not very important physically. 


Fig. 1. 
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But for our purpose it is important that these orbits are possible 
in prineiple irrespectively of how long an electron can move along it. 


Fig. 2. 


$ 4. Quantization of the hyperbolie curves. The problem becomes 
of greater importance pbysically, if repulsive forces are considered, 
so that the orbits are hyperbolic. The question, how these orbits 
have to be quantizized was discussed by me several years ago (l.c.). 
The method adopted then, which was explieitly stated to be provi- 
sional, I do not. wish to adhere to in all its particulars. But the 
fundamental idea of submitting such orbits t0 quantum-conditions 
still appears to me a sound one. Quite a long time ago I have in 
the Munich colloguium developed certain views on this subject 
which appear to me still to deserve attention. For simplieity we 
shall here disregard the relativity correction (c=®): the radial 
impulse according to (7) and (4) then assumes the form: 


LT 
»=| mar 2amel_ pl, SE TE SEN 9) 


For @<{0 the motion is elliptical, for «—=0 parabolie, for « > 0 
hyperbolic. The aspect of the curves in the phase-plane (p,r) is 
seen in Fig. 2. The part of the plane, where @<<O is bounded by 
the heavily drawn curve «—0, both ends of which approach the 
axis of absceissae asymptotically. Inside this region the curves are 
elliptic and it is easy to fulfil the condition that the area between 
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two successive curves be equal to A. In the region outside the curve 
a=0 each one of the curves possesses two asymptotes parallel to 
the axis of abseissae. The strip between two curves whose energy- 
constants differ by a finite amount has an infinite .area.. Just as in 
the case of the spiral orbits we may conclude that the energy stages 
of the stationary motions must be infinitely dense. Every positive 
value of the energy-constant is therefore a “selected” value in the 
sense of the quantum theory. That hyperbolice orbits with all values 
of the energy are present, was already enunciated by Bonr on the 
ground of experimental results (by WaGner and others). From our 
point of view this does not prove that the hyperbolic motion is 
beyond the controll of the quantum theory; on the contrary this 
fact is a natural inference of a consistent application of this theory. 

This view naturally implies that the azimuthal impulse must also 
be subjeeted to quantic conditions. What these are cannot immedi- 
ately be deduced from the case of the elliptice motion. Two possibi- 


lities seem to present themselves: we must extend the integral | pdı 


either over the range of change of the coördinate y, i.e. over the 
angle enclosed between the asymptotes, or, as in the case of the 
elliptie motion, from 0 to 2x. The former assumption would according 
to 2’ give 


nh 
VD Er 3 I da RE RER TC (9a) 
2p 
the latter 
nh 
er. ee en 0 
Pier | (9) 


In $ 7 we shall meet with an argument in favour of the second 
assumption, but a decision between the two can ultimately only be 
brought by experiment. 


$ 5. Collision beiween an «a-partiele and an atomic nucleus. We 
shall now investigate the case of repulsive forces in detail and 
thereby take into account the motion of the nucleus, neglecting the 
relativistie correetion which is of no importance for our purpose. 
In ‘the usual manner by means of the principle of the centre of 
mass we eliminate the co-ordinates of the one body and so reduce 
the problem to that of a system of two degrees of freedom. We 
shall choose as the variables the relative polar co-ordinates of the 
two particles, i. e. their distance and the angle y under which the 
«-partiele appears for an observer moving with the atomie nueleus, - 
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and shall call p the impulse corresponding canonically to 9, m 
and M the masses, e, E the charges of the «-particle and nucleus 
respectively, and finally v the initial veloeity of the «-particle, the 
atom’ being originally supposed at rest. The equation to the orbit 
then assumes the simple form 


E 
ee (ee ea N ie 


lee ; 1 1+(&) . an ek, 
u m i 


Hence the angle p between the axis and the asymptote of the 
relative hyperbolie orbit of the «-partiele is given by 


where 


ri] 
c08 op = 
or 
ER pv 
t zei, + 3 e . . . . . 12 
I eE ( ) 


We can now change to the absolute motion by considering, that 
the centre of gravity of the two bodies must move uniformly; 
originally this point moves in the direction of the «a particle with 
the velocity ””/u+m) and this motion has therefore to be superposed 
on the relative motion. A simple caleulation gives the following 
result?): after a sufficient time both bodies have assumed a uniform 
rectilinear motion. The direction of the final motion of the «-particle 
encloses an angle ® with the initial direetion (through this angle 
the a-particle is deflected by the collision) . 

9 
BP — Te Elli Tall) 
(m—M) + (M + m) tg’ 
the velocity V obtaining the value 


® 


Km 


a m RE ne} 


The angle between the direction in which the atom is propelled 
and the original direction of the a-partiele is exactly equal to the 
angle p of equation (12). The veloeity of the atom is 


u— lo conp,. RENT 


According to the view set forth in $ 4 certain special motions of 


') Comp. C. Darwın. Phil. Mag. 27, p. 499, 1914. 
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the system are to be allowed, namely those for which the azimuthal 
impulse p has a value satisfying the conditions (9a, 5). In these the 
letter n represents a positive whole number, but n—=0 which would 
be exeluded according to SommerrenD must also be admitted on the 
point of view explained in $ 2. In the latter case the assumptions 
(9a) and (95) both give p=0; hence 


Pi Dale ee re) 


in other words: the nuelei or “recoilrays” as RUTHERFORD has called 
them, have for n—0 the direction of the primary a-rays. 


$ 6. Recoil-rays of hydrogen. Whereas the values (16) which 
obtain for n—0, hold generally for all kinds of atoms, the results 
are less general for n—1, 2 ete.; we shall only discuss the special 
case of the collision with a hydrogen atom. On the assumption (9a) 
we have according to (12) 


BE hv 
DUP er" Ss ol a eree 
on assumption (95) 
. —_ hv 
ee . R . . % . he (18) 


In these expressions we may substitute A = 6.55 X 1027 erg. sec. 
E—=4.7710-10 e.s. units e=2E,; for v we shall take the velocity 
of the «a-rays of Ra C, for which RuTHErFoORD gives the value 
1.92.109 ®/gec, we then obtain 


gyup=138n or wo=44n.. .. (1) 


The first of these equations gives 


N 0,84), u=0,10 u, = N,001R,, 

n—=2, 9,=86%,50, ,—=0,055u, BR, — 0,0002 R.. 

. The velocities u, u, are eomputed from (15), the corresponding 
ranges R,, R, from the empirical equation R:R, = Bu. 

Similarly the second hypothesis gives 

a I „022, R=0011R, 
n=2,  9,=839830, „=0ll, BR,—=0,01 R,. 

On the view that the particles can only move on the special 
orbits allowed by the quantum theory, we obtain the following 
result: a portion of the recoil rays are emitted in the direction of 
the primary rays (n =); besides there are only partieles which 
start at eonsiderable angles to that direction, {he smallest angle in 
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the one case (95) being 77° in the second (9a) even 84°. The corres- 
ponding ranges are exceedingly much smaller than for the H-atoms 
emitted in the direetion of the primary a-particles. i 

These results agree with the result of RUTHERFORD’s experiments'), 
who found all the H-atoms to be propelled in tlie direction of the 
primary rays. The range of this secondary radiation was 28 .cms., 
which gives R, = 0.028 cm. or KR, — 0.3] em. according as we uSe 
(9a) or (95). These values are {00 small for experimental verification, 


and were bound to-escape detection. 


$ 7. Transition to the stationary orbits. Up to the present time 
the quantum theory has only been applied to systems whose members 
permanently move round each other at a finite distance, i.e. systems 
which in the Larrack-sense are stable. My attempt of 1916 (l.c.) to 
apply the theory to the single passage of a particle through the 
sphere of action of a nucleus has not met with much sympathy 
among physieists. It therefore seems necessary to submit tlıe difference 
between the two cases to a careful conceptual analysis. 

The hypothesis of the theory as established by BoHr consists of 
two parts: 1. There are certain preferential or stationary orbits in 
which the system moves without radiation. 2. If the initial state is 
not a stationary one, the system passes into a stationary state with 
the emission of energy in the form of radiation. It is quite possible, 
that the real process is only formally represented by this division, 
but it has been confirmed in several cases and it forms for the 
present the only basis on which we can erect our further structures. 

As regards the existence of stationary orbits, there does not seem 
{0 be any reason, why the quantum conditions should be solely 
applicable to finite orbits. Our views on this point have been ex- 
pounded in $$ 3 and 4; but we shall try to strengthen them from 
a fresh point of view. The difference between motions which are 
finite and those which reach to infinity is expressed analytically by 
the fact, that for the former each cartesian co-ordinate may be 
represented as a Fourier-series according to angular variables, 
whereas this is impossible for the latter. Bonur has established a 
relation between the terms of this Fourinr-series and the transitions 
which on the quantum-theory are possible from one stationary orbit 
to another. 

In the case of the relativistie Kepler-motion the Cartesian co- 
ordinates are = rcosp, y=rsing. For shortness putting 


) E. RUTHERFORD, l.c. 
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Vp°’--p 2 
ER ER A REEL N), 
it follows from (3) that 
Ri ER cos p RN Be Do; sin 2a 1) 
B - 1-—s00s% B 1-—scosw 


For a motion--of elliptie type (e<{1) x and y are periodie in 
y and w with a period ?2r; p and Y are therefore angular coordi- 
nates of the problem and a Fovkrier-expansion is possible‘). Passing 
to the case <>1 the angle w becomes limited and varies between 


l wen 
the limits # arc cos (+) — + w. Only between these limits «andy 
& 


have the meaning of the functions given in (21); hence they may 
now be represented by .a Fovrıkr-integral 


Bath ® +? 
ee a BinBe cos o few sw ds IE LEN dA. 
zB 1—8 cos A 
| i En 
The case is different for g: this angle also varies between two 
+ pw 


extreme values — + 9; but in contrast with % it possesses 


Vp—p 
a physical periodieity: on changing p by the amount 2x the same 
point of space is reached, so that x and y remain periodie with 
respect to 9. We may continue the dependence on 9 in the ranges 
y<gp<aand -a<p<— g, where no motion takes place, just 
as we like. It would be simplest to assume the continuance of the 
law expressed by cosp and sin p over the whole range from 0 to 
9a, in which case we should get 

e +? 
P’—Pp, ’ c08 8 4 
= fi (sw +Y) + cos (sw—gY)] “|, AR. 
0 


nB —E& 008 4 
Ba 
It seems to me that in this result lies a confirmation of the 
reasoning of $ 4. The coefficient of w is the number s which may 
assıme any value, whereas the ceoeffiecient of p isthe whole number 
1. Extending Bour’s prineiples to this case we might conelude that 
the radial quantum‘ which is subordinated to w underlies no limi- 
tations, whereas the azimuthal quantic number can only. change by 


1) These coordinates are not linear functions of the time. If we wish them to 
satify the latter condition, they have to be defined differently. But the conclusions 
to be drawn remain valid with this change in the definition. 
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1 each time. In this way it is made probable, that the azimuthal 
impulse possesses discrete special values and the analogy with the 
case of the elliptie motion imparts special probability to the Iıypo-- 
thesis (92). 

Although the existence of stationary orbits is thus rendered pro 
bable, it does not follow that a partiele which to begin with is not 
moving in a stationary orbit will have time and opportunity to pass 
into one. The giving off of energy requires time which is always 
available in the case. of stable motion (in LarLack's sense). But for 
hyperbolie motion the case is different : the energy is not limited 
by any conditions, but the rotational impulse tends towards definite 
values which can only be reached by the process of radiation of 
eleetromagnetice moment of momentum. For this radiation the time 
available is only the one motion past the nucleus, and it is thus 
quite possible that the impulse lost by radiation is not sufficient and 
that the particle returns to infinity without having reached a stationary 
condition. On the basis of Maxweuı’s theory this would even be the 
usual case. Calculation gives for the radiated impulse (for p >> ps) 


Fuss 
(= 2 zZ, pv ı!ı 


pv 3 xe? Pr u 


ev? xe? 


3 


C pv 
that is an amount of the order 10-31 erg sec., whereas the steps 
of the constant p are about 10-?7 erg sec., or about: 1000 times 
larger. Under these eireumstances no fraction of the particles worth 
mentioning could attain stationary orbits. 

On the other hand we have tlıe experimental fact, mentioned in 
the previous section, that the //-atoms are preferably emitted in the 
direction of the incident «a-partieles and it seems diffieult to interpret 
this otherwise than on the quantum-theory. One of the possible ex- 
planations of RUTBERFORD’s results seems therefore to be that the 
radiation is really stronger than would follow from Maxwerr’s theory, 
suificiently so to carry a considerable portion of the systems into 
the stationary condition. When we consider that even in the radiation 
of the hydrogen spectrum, where the distances from the nucleus 
are greater than 2 x 10-3 cms, a considerable deviation exists from 
Maxwrut’s theory, the supposition in RUTHERFORD’s case of a very 
much larger deviation does not appear to ns too hazardous. For 
the distance from the nucleus is here of the order 3.5 x 10-13 and 
thus the acceleration about 1.5 X 10° times larger than in the 
emission of the hydrogen lines. Moreover Einstein‘) has postulated 
a complete breach with Maxweır's theory for elementary processes 


\) A. Einstein. Kleiner-Festschrift, Zürich 1918. 
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of this kind and we further know from the existence of a limit 
of the Röntgen-radiation on the side of the small wavelengths, that 
they cannot take place in accordance with the theory. According 
to Rurtnukrrorp’s experiments the relative number of the emitted 
recoil-rays is strongly dependent on tbe rapidity or range R of the 
primary a-particles, as shown by the following table: 

R— 7,0 5,8 4,5 3,7 8,0 ete. 

NzE00 77 Sl 25 0. 


This might be interpreted as indieating that the radiation of 
rotational impulse decreases rapidly with the speed v, so that with 
falling v there are less and less particles which are able to reach 
the stationary orbit. If this view is correet, we would have in 
RuTHERFORD’s table a new way along which to penetrate into the 
riddle of the quantum theory. 

Side by side with partieles which have completed the transition 
into the stationary orbit, others are to be expected, even witlı the 
highest velocities, which owing to a higher initial impulse have not 
succeeded in doing so. The direeted radiation must therefore be 
surrounded with a scattered radiation. According to a kind personal 
communication of sir Ern#st RUTARRFORD’S something of that kind 
is found experimentally: a new experimental method has shown 
that the recoil-rays are in reality less homogeneous than appeared 
originally and that side by side with the rapid H-particles observed 
at first, there are others of smaller speed'). 

As suggested .above it is probable that the large deviations from 
Maxwent's theory, as required for a sufficiently strong radiation, 
are limited to the range of very high accelerations. This makes it 
doubtful, whether a similar approach to the stationary orbit n= 1 
is to be expected as to the orbit n = 0; for the range near it 
correspondends to a much greater distance from the nuclens. 

On a different oceasion we hope to discuss the question, how 
tbe stationary orbits are distributed for nuclei other than of hydrogen. 
We shall only mention here, that for heavy atoms the equations 
(17) and (18) owing to the high value of the nucleus charge E 
make the steps of the discrete angular distribution so small, that 
the result cannot differ appreciably from a distribution in accordance 
with classical statisties. 


}) Cf. E. RUTHERFORD, Phil. Mag. 41 (6), p. 307, 1921. 


Mathematics. — “Properties of Congruences of Rays”. By H. J. 
van Veen. (Communicated by Prof. J. CARDINAAL). 


(Communicated at the meeting of February 26, 1921). 


$ 1. The rays of the space 2, can be represented by a quadratic 
hypersurface 0°, in a five dimensional point-space &,. By the aid 
of this representation I have derived the properties of a few com- 
plexes of rays (Nieuw Archief voor Wiskunde R2, dl. XI, p. 232; 
id. di. XII, p. 19; Handel. 17° Nederl. Natuur- en Geneesk. Congres 
1919, p. 171). By the method followed tliere also the characteristie 
numbers for an arbitrary complex of rays can be determined. In 
what follows I shall make use of the representation mentioned to 
derive some of the principal properties of congruences of rays. 


$ 2. In the first place I eonsider an arbitrary congruence of the 
field-degree p and the sheaf-degree g. This congruence is represented 
in &, by a surface V, of O*,, which has p’ points in common with 
any a-plane (representation of a field of rays) and g points with 
any P-plane (representation of a sheaf of rays). 


$ 8. Let ? be an arbitrary point of V,. A hyperplane through 
P euts V, in a curve that has one tangent in P;'the tangents in 
P to V, form, therefore, a plane pencil. 2 of the straight lines 
through P on 0°, (images of plane pencils of &,) lie in a linear 
space Ä, through P,; for a ray of &, lies in 2 plane peneils of 
a bilinear congruence to which it belongs. The straight lines of ka 
through P form accordingly a threedimensional quadratie cone. The 
plane pencil and the cone lie in the hyperplane touching 0°, at P 
and have therefore two straight lines in common. Consequently: 

Any ray .of a congruence is intersected by 2 consecutive rays, Or 

On any ray of the .congruence there lie 2, focal points and through 
any ray of the congruence there pass 2 focal planes. 

The identity of the surface of the focal points with that of the 
focal planes (the focal surface) can easily be demonstrated now in 
=, (See e.g. Sturm, Liniengeometrie II). 


$ 4. The hyperplane AR, touching O’, at a point P, cuts V, in 
a curve V,. This I project out of P’on a linear space R, in R.. 
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Of the «- (ß-) planes through P two cut a straight line of R,; 
they intersecet R, therefore in the a- and Ö-lines of a quadratic 
surface 0°. On OÖ? lies the projeetion & of the curve V,; % has the 
a- and Ö-lines as p- and g-fold secants. The projeetions of k out of 
a point O of OÖ? on a plane r of A? gives a curve k’, which has 
a p-fold and a g-fold point in the passages A, and 5, ofthea- and 
b-lines through ‘0. The straight line A,B, has only the points A, 
and B, in common with %’, hence %’ is of the order op +q. Ir 
is the number of double points of %k, hence also of 4’, the class of 
k’ is: 

u N gr) 
so that out of A there can be drawn 
2) — = p—1)— ar 
and out of B 
2 (pg—r) —2p = 2p 1) — ?2r 
tangents to A’, touching this eurve elsewhere. 

These numbers are at the same time the numbers of d- and a-lines 
touching k and also the numbers of the 3- and the «-planes througb 
P that have two eoineiding points in common with V,. 

Now r is the number of bisecants of V, tlırough P or the auis- 
degree (rank) of the congruence in consideration, hence: 

The focal surface of a congruence of the field-degree p, the sheaf- 
degree q and the awis-degree v ıs of the order 2p(g—1)—2r and of 
the class 2q(lp—l)—2r. 


$ 5. I shall now consider the complete congruence of intersection 
of.two complexes. 

If these are of the order m and n, they have as images the 
multiplieities which 0°, has in common with two hypersurfaces 
V,”" and V,*. These two hypersurfaces cut each other in a multi- 
plieity V,”". The bisecants of V,m" passing through a point P and 
cutting a plane = lie in the linear space R,=(P, nr); they are also 
the bisecants through P of a curve in AR, which is the complete 
interseetion of a surface of the mt" order and a surface of the na 
order. The number of these bisecants is } mn (m—1)(n—1), bence 
the bisecants of V7,"" through P form a eone of 3 dimensions and 
of the order 4 mn (m—1)(n—1). By choosing P on 0°, it appears 
that through this point there pass mn(m—1)(n—1) bisecants of V, mr 
that lie on O%?,, accordingly: | | 

The congruence of intersection of «a complex of the mt} order and 
a complex of the n‘" order has the awis-degree mn (m—n)n—1).. 
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$ 6. In order to find the order and the elass of the focal surface 
of the eongruence of intersection of two complexes, I pass two 
a-planes «, and «a, through a point P of O°,. The f-plane through 
a ray a, of the plane peneil P,«a, cuts «, in a straight line a,. A 
plane y through a, which cuts «, in a straight line a', and has two 
coineiding points in common with Vz", touches the curve which 
the space R,=(a,«,) euts out of Vymr; as this curve is the curve 
of interseetion of a surface of the mt" order and a surface of the 
nik order, it has the rank mn (m-+n—2); accordingly this is the 
number of the planes througlı a, intersecting «, in a straight line 
a,' and at the same time touching V,"”. Between the rays «a, and 
a,! belonging to {he same ray d,, there exists a [mn (m+n—2), 
mn (mn —2)] eorrespondence, hence there pass through P Amım(m—+ 
n—2) 3-planes (and as many «-planes) touching V mr. or: 

The focal surface of the congruence of intersection of a complex 
of the mt and a complex of the n!b order, has the oraer and the 
class Amn(m+n—2). 

Of eourse this result can also be derived from $ 4 and $ 9. 


Anatomy. — “Oumerevanne’s Theory of the “lames vasculaires’' 
and the analomy of-the canalis cruralis”. By G. C. Herınea. 
(Communicated by Prof. J. Bonrkt). 


(Communicated at the meeting of December 18, 1920.) 


When adopting the reasonable and general view tbat the muscular 
fasciae are to be considered as compressions of loose connective 
tissue, originated under mechanie influences exerted by the surrounding 
individual muscles, a condeption has been propounded, which brings 
before our mind the “muscle-compartments” in a clear and com- 
prehensible way, and which is also of great practical value. Still, 
it would seem that the scientific value of this view may justly be 
contested. It would seem also that in order to obtain a clear notion 
‘of the matter these formations of connective tissue themselves should 
receive more of our attention than the spaces invested by the fasciae 
and filled up with museles. 

I would call upon the reader to consider a fascia as a thin layer 
of undifferentiated conneetive tissue, bounded on either side by a 
lamina of fibrillary eonnective tissue. Further we conceive a blood- 
vessel running in the middle layer and we imagine, in accordance 
with the publica opinio, that the two plane faces have, as it were, 
been attached through a polishing process to this interstitium of 
connective tissue by the mechanic action of the surrounding muscles, 
or by other tissues. This hypothesis approaches real facts, for a 
similar position we observe of the vasa plantaria med. und lat. in 
the septa intermuscularia pedis; a similar location we observe of 
the vena jugularis ext. in the fascia superfieialis colli, of the aa. 
meningeae and the sinus durae ımatris in the hard cerebral membrane, 
of the vena saphena magna in the fascia lata, ofthe vasa epigastrica 
in the faseia transversalis‘), and finally in a similar way numerous 
nerves — suffice it to mention only the n. eutaneus femoris lateralis, 
the branches of the n. femoralis, of the nervi superficialis colli — 
are running in the fasciae, prior to their ultimate intrusion into the 
skin. 

The instances here enumerated, could easily be increased. They 
lend support to the roughly phrased conception that, generally 


1) Tusrur et JAcoB, Traite d’Anat. topogr., p. 45. 
78 


Proceedings Royal Acad. Amsterdaın. Vol. XXI. 
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speaking, an inner layer of vessel-condueting eonneclive tissue is 
the essential factor for the fasciae and not the polished fibrous tissue, 
which for the knife and for the eye is their characteristie aspect. 

This is analogized by the mesentery, in which the funetional 
essence is not eonstituted by the peritoneal epithelium lining it, but 
in reality by the vessels contained in its eonneetive tissuelike sub- 
strate'). The thought underlying the view set fortlı here, ie by no 
means new. It is Omserpanne’s. This author has worked it out in 
his thesis (Paris 1900), particularly for the abdomen and the pelvis, 
but he also surmises its validity for the whole body: 

«]| existe”, OMBREDANNE says, “entre le peritoine de l’abdomen et 
du bassin une lame vasculaire, contenant les vaisseaux dans son 
&paisseur, &mettant une lame secondairg, quand l’artere &met une 
serie de branches dans un autre plan, que son plan de ramfication 
principal emettant une gaine vasculaire periviseerale quand Partere 
&met un bouquet de branches allant envelloper un organe, presen- 
tant des rerforcements du cöte, d’oü viennent les pressions, et 
capable de se souder au niveau de ses plicatures”. 

We see then that according to his description the fascia pelvis is 
such a “lame vasculaire” differentiated in the subperitoneal connec- 
tive tissue, which “lame” is in the first instance attached to the 
large vessels Iying against the pelvie wall, but from which “lame” 
: determined by the oufgoing ramifications, a number of lateral 
septa are emanating, which, in a frontal arrangement, divide the 
subperitoneal space into a number of partitions ?) or leave the pelvis 
along with the ontgoing vessels (vv glutaea, pudenda) and thus may 
assıme the character of intermuscular septa. There is, according to 
OMBREDANNE, a close relationship between vessels and connective 
tissue, which invariably reveals itself in a condensation of the latter, 
in continuous connection with the vascular adventitia®). Fundamen- 
tally it is quite immaterial whether here, as in the case alluded to 
in tbe outset, pressure or distension on the part of the environing 
tissue influences the morphosis of the whole, or whether it does not. 
In the region of the pelvie fasciae examined by OMBREDANNE this 
manifests itself e.g. by the fact that a rather smooth plane of con- 


!) This parallel between fascia and mesentery, which also OMBREDANNE has 
drawn, might still be extended, if, as is most likely, every fascia has u super- 
ficial lining of endothelium. 


?) A clear and coneise compendium of it may be found in Testur-JAcoR. 
Tome II, p. 391-393. 


%) In a section through the umbilical eord the more precise arrangement of 
the connective tissue elements round the vessels is distinctly noticeable. 
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nective tissue, the so-called muscular fascia of the M. levator ani, 
lines the muscular bottom of the pelvis; that, however, the frontal 
extensions, which do not undergo any pressure, gradually fade away 
in the subperitoneal connective tissue. 

My starting-point then was the fundamental idea of OMBREDANNE’S 
reasoning, which runs as follows: “.... que les vaisseaux ne sont 
nulle part libres entre deux feuillets fibreux, on entre un plan fibreux, 
et un plan periostique; si l’on arrive ä& les isoler, & les dissequer, 
comme on dit, e’est a l’aide du tranchant d’un scalpel”... “Nous 
avons dit, que nous ne croyons pas les vaisseaux inclus libres entre 
deux feuillets dans une gaine, mois plonges dans l’epaisseur d’une 
lame: la formation de ces lames est la consequence m&me de la 
formation du tissu conjonctif. Ce tissu est essentiellement un tissu 
de remplissage, de soutien; mais il n’existe que la, oü il soutient 
quelque chose’”.... “Lorsque une artere s’&panouit en un Eventail 
de branches, disposees dans un m&me plan, il constitue A cette 
artere et & ses branches une lame vasculaire, qui pourra s’inflechir, 
dont partiront des lames secondaires.” 

It was an investigation on a totally different basis which by 
chance, as it were, led me in the direction of OMBRKDANNE’S Con- 
ception of which I had some cognizance through Trstur and JAcoR’s 
work. But for the very reason that the results of this investigation 
compelled me to follow the general principle of OMBREDANNE’S con- 
ception, I feel inclined to preface the publication of those results 
with a few theoretical considerations. 

In the year 1919 Fransen of Leyden wrote a thesis in which 
the significance of the fasciae for the bloodstream in the venae was 
emphatically brought forward. As shown by him: “over the whole 
length of the lower extremities there exist formations of which the 
prineipal components are fasciae connected with museles; formations, 
which guard the large venae and the arteriae from compression, 
and through their relation to the environment can perform the 
function of a suetion-apparatus, by which the venous eirculation of 
the blood and the eontinuous supply of arterial blood is guaranteed 
and promoted. Theorically as well as practically (with regard to 
the pathogenesis and the therapy of tlie varices) Fransen’s clear 
exposition is no doubt of great value. It seems to: me that he has 
hit the nail on the head in his roughly worded conelusion quoted 
above. Still, I presume to raise an objection to the details of his 
exposition, however cautiously they may have been laid before us. 
Among the instances prefixed by Fransen to the conelusion just 
quoted, we distinguish two groups of different nature. On the one 

18* 
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hand he deseribes the vena femoralis as Iying “in a prismatie space”, 
bounded by fasciae, and in which a negative pressure is supposed 
to arise with contraction of the M. sartorius througli tension of the 
faseia lata. On the other hand in the same demonstration the eir- 
eumstance that the vena poplitea is kept open on leaving Hunrer’s 
canal, is correlated with an arcus tendineus stretehed by adductor 
fibres and grown into one with the vaseular sheath. Then again, 
according to the writer the same prineiple holds for the fossa 
poplitea and for the fossa Scarpae. On the other hand again, the 
areus tendineus of the M. Soleus is supposed to act in the same 
way for the vasa tibialia, passing below it, as above the M. adductor 
magnus for the vv. poplitea. 

It is obvious that two different prineiples have been mixed np 
here by tbe writer. Moreover the question arises whether these two 
mechanisms to keep the venae open actually coincide. 

Now, I think, some objections ‚may at once be raised against 
FRransuN’s interpretation of the effect of a negative pressure in the 
fossa Scarpae and the same applies of course to the fossa poplitea. 

In the first place for a negative pressure-action to arise, as FRANSEN 
conceives it, it is necessary for the “space” containing the vessels, 
to be closed hermetically. It is botb groundless and improbable to 
suppose that such a closure should be brought about by the fasciae. 

In the second place that “space” round the vessels is quite filled 
with more or less closely woven connective, as is easily made out 
by the study of transverse sections. And though the intercellular, 
interfibullar groundsubstance of that eonnective tissue may be humid, 
it would require special experimentation to see whether any negative 
pressure could be propagated through such a colloidal medium. 

In the third place, granting these two conditions to be fulfilled 
and the influence upon the vena as supposed by FRrAnsEn to really 
exist, two other conditions have to be satisfied for an effeet on the 
bloodstream in the vena: 

a. change of place or form of.the vena as a whole on one side 
should be exeluded. A “prismatie space’ could not salisfy this 
condition 

b. Since we cannot conceive of a sucking pump without valves, 
there must needs be at least one valve proximad from Hyrrı’s 
suction-apparatus. Now it is remarkable that on page 26 of his 
kr ae LEE Eee with DELBRT: “No valves oceur 

) S ) in the vena fomoralis beyond the 
outlet of the vena saphena magna.” 


So it NS vi 
seems to me that Fransun’s view is open to controversy on 
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several points, even though, for the rest, the anatomie relations 
were such as he supposes them fo be. In fact, the last-named are 
deeidedly more complicated. It seems to me that, on arguments to 
be brought up presently, we sliould really no longer consider the 
“fossa” Scarpae as a space enclosed by walls independent of its 
contents. There is, on the other hand, every reason to follow in 
OMBREDANNE'S track, and assume it to be a connective tissue enclosed 
by muscles, carrying the vasa femoralia, besides the Iymphatic 
vessels, and the lymphatie glands, of which eonnective tissue the 
superfieial layers (i.e. those Iying against the muscles) have been 
compressed into fascia lata, deep and superficial layer. In other 
words I am inelined to consider the fossa Scarpae, wall and con- 
tents taken together, as a “lame vasculaire”’ which has adapted its 
shape to the available space. 

Still, although I cannot endorse FRANSEN’s exposition, I think 
nonetheless that his pronouncement regarding the functional signi- 
firance of the faseia lata for the bloodstream in the vena femoralis, 
is correct in so far as the faseia plays a part in keeping the vena - 
open. But this, I believe, to be the consequence of the direct con- 
neetion of the faseia lata with the connective tissue sheath of the 
vessels themselves. 

Now about the relations in Hunrter’s canal. Well, it seems to me 
that they may readily be looked upon from Ihe same point of view 
that we just now suggested for the fossa Scarpae. This could be 
vealised beforehand since Hunter’s canal is direetly continuous with 
the fossa Scarpae. Fransen points out, with reason, that HuNTER’s 
canal is invested by three aponeurotic faseiae. Well then, here also 
the vessels do not lie loose in that space, but wall and contents 
again form one whole. Here again, just as with the fossa Scarpae, 
the eonneetive tissue layer bordering on the muscles, assumed the 
charaeter of a faseia, in this case complicated because musele-fibers 
attached themselves to this faseia and thus bestowed on it an apo- 
neurotie character. It follows then in my opinion that FRANsEN’S 
areus tendineus is to be conceived as an aponeurotic fibre-bundle 
fascie, closely related to the vessels. 

As I alluded to above, the investigation which led me in the 
direetion of Omseepanne’s theory was of quite a different nature, so 
that in order to diseuss this question I must call the reader’s 
attention to a totally different matter. I was indnced to undertake 
my investigation by a question, put to me by Dr. La ÜHapkLue, 
at the time assistant at the surgical clinic of Leyden. 

] will repeat the question here in its original form. The starting- 
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point was the following observation made by Dr. La CHAPELLA: 
“After reposition of the stump of a tied up hernial sac in non- 
incarcerated hernia femoralis, a more or less sbarp border may be 
felt when passing the finger under Poupart’s ligament, the border 
constituting an arcb over the os pubis. The question to be answered 
runs as follows: Has this border, which will inearcerate the hernial 
sac, even before Pou part’s ligament does so, been prefor- 
med anatomically, and if so, what is it? 

We might alter the question and say that we have to establish the 
identity of a elinically tactily ligament, which being concentrie 
with Gimbernat’s ligament, but located on a deeper level, 
narrows the entrance to the erural canal. Now, seeing that, as we 
read in surgieal manuals, the incarcerating factor proper of the hernia 
femoralis is not known preeisely, because after the removal of 
Poupart-Gimbernat often still further eleaving of deeper fibers, 
entwining the neck of the hernial'sac, is required, we deemed it 
worth our while to look into this matter from a practical as well 
as from a theoretical point of view. This inquiry was begun by 
myself in conjunction with Dr. La Cnaperıa. Only a considerable 
time later could I conelude it, thanks to Prof. van DEN Brork’s and 
Prof. Barew’s kindness in granting me the loan of their material at 
Utrecht. I also feel indebted to Dr. van RıJssEL, at the time proseetor 
for pathologieal anatomy at Utrecht, for yielding me an opportunity 
to verify the results obtained in the anatomical laboratory at an 
obduction corpse. I thus examined three corpses in all, two male 
bodies and one female, while of another female corpse sagittal frozen 
sections through the pelvis were examined. 

When removing from the triangle of Scarpa the skin and the 
superficial layer of the fascia lata, and cautiously cleansing the 
large deep Iymphatie vessels, it will be seen that the latter disappear 
into the. medial upper angle of the regio, where by the aid of 
Gimbernat’s ligament, the ligament of Poupart touches upon 
the pecten ossis pubis and fastens itself to the fascia pectinea. This 
convergency of the Iymphatie vessels, besides the location in situ 
of one or more of the Iymphatie glands (Rosemüller’s glands) 
induce us to suspeet Cloguet’s septum to lie in that corner 
of the inextricable fibrous tissue. This septum Cloqueti is deseribed 
as a subdivision of the faseia transversalis, which after fastening 
itself to Poupart’s ligament extends to the os pubis and thus 
obturates the entrance to the crural canal, as a vertical septum 
pierced only by Iymphatie vessels. But, if we closely eonsider what 
our preparation reveals, there seems to be something wrong, viz. 


1215 


the entrance to the erural canal seems.not to fill up all the space 
between Poupart and the os pubis; as none of the Iymphatic 
vessels on its way to the pelvis passes directly beneath Poupart, 
but they all dive down to a deeper level. And when palpating 
cautiously along the frontal border of the complex of Iymphatic 
vessels, we feel that the frontal border of the entrance to the erural 
canal is formed not by Poupart’s ligament but by another tightly 
stretehed conneetive tissue band, which runs parallel to Poupart, 
but is about 1 e.m. lower and lies somewhat deeper, and is approxi- 
mately concentrie with the curving fibres of Gimbernat’s ligament; 
it also appears that this frontal border as well as Gimbernat’s 
ligament converged with the fascia pectinea. 

Through this palpation we were able to corroborate to some 
extent La Cnareıte’s finding and now it will not be difficult to 
lay bare the bundle of fibres under consideration. If namely the 
Iymphatic vessels are prepared away, we can see this bundie as 
well as when we felt it just now. (Fig. 1). We see then that the 
entrance to the erural eanal is bounded at the front by this strand, 
which is separated from Poupart by a ioose-meshed connective tissue. 


Fase.lata 
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Furthermore, if we expose the «deeper layer entirely by cutting 
Poupart through and folding the flap back, wei Bee that bee 
seemed to be a strand of connective tissue, is in reality the sharp, 
free lower border of a fascia, which descends from above behind 
Poupart. i 

This being established it was not diffieult to expose this faseial 
leaf upwards, and to ascertain its continuity with the fascia trans- 
versalis abdominis. When this fascia is laid bare by preparation, 


Mitransv__J4 
enobl.int //} 


Lig. Thomson. 


IM fasc.lata 


Fig. 2. 
Sagittal section of a female pelvis about the vv. femoralia. 
Semi-schematic. 


after removal of skin and musecles, it will be seen to descend 
farther, after having passed behind Pou part’s ligament, under 
exchange of a more or less distinet supply of fibers, till it meets at 
a right angle the vasa iliaca externa, which runs subperitonically 
on the bottom of the pelvis. These vessels it envelops in the well- 
known manner in which the faseia pelvis encloses the organs which 
pierce the bottom of the pelvis; it envelops the. vessels with a 
fibrous formation, which party runs proximally with the vessels, 
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party accompanies them distally and passes with ihem to the crural 
regio beneath Poupart's ligament. The fas:ia layer, of which, as 
deseribed above, we could spy the free border after removal of the 
faseia lata (superficial layer), is indeed nothing else but the lower 
end of the faseia transversalis, which could not but pass on to the 
thigh, because it had been inseparably attached to the vessels by 
the formation of the vessel-sheath. 


M.transv. 
en 
"M.obl, int. 
- M.obl. ext. 


I j-E-fasc. SUP. 


a 
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Fig. 3. 
Paramedian sagittal section through a female pelvis. Showing semi-schematically 
the insertion of THomson’s ligament on the os pubis. It is remarkable that, in 
consequence of an exchange of fibers of the m. rectus and the f. transvers, a close 
connection is brought about between THomson’s lig. and the insertion of m. rectus. 


In harmony with this tbe free border of this extension of fascia, 
just now described, and radiating out medially into the fascia pectina, 
coneurs in forming the vessel-sheath where it could no more be 
separated from the fibers of the fascia lata. | 

When I had proceeded so far in my investigation, | felt justified 
in establishing that the fascia transversalis, instead of inserting itself 
to the os pubis and of forming CLogusr’s septum, terminates 
medial to the femoral vessels with a free border, and that, therefore, 
the Iymphatic vessels, instead of piercing the fascia 
(in l1öco Sept. of Croqgusun), pass undermeath it to the 
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subperitoneal areas of the pelvis. "That more laterally the 
fascia transversalis attaches itself the ruscular sheath of the femoral 
vessels, did not surprise me as Il was not ignorant of Testur-Jacop’s 
description of the “insertion inferieure” of the fascia transversalis: 
«Puis, eontinuant son traject descendant, ce fascia rencontre les 
vaisseaux femoraux: il se fixe sur leur pourtour, en contractant avec 
eux, avec la veine particulierement, des adherences intimes” (p. 43). 

However my view was considerably altered when a close study 
of the sagittal sections taugbt me the following facts: 

1. That the free border alluded to was an artificial product 
vriginated during the removal of the fascia lata for that there is a 
continual relationship between the fascia transversalis and the 
fascia lata. 

Fig. 3 shows how some of the fibers of the fascia lata attach 
themselves to Poupart, resp. blends with the fascia abdominis 
superficialis; how others, the larger number of its fibers, running 
along behind Poupart get connection with that lower end of the 
fascia transversalis, which, as described above, reaches the cerural 
region together with the vessels. Tbus formulated this remark may 
sound Strange to the reader; on closer inspection, however, our 
representation is not so strange, not even new. Also in the litera- 
ture mention is made everywhere of the junction of the fibers of 
these two fasciae in the ligamentum inguinale, to which, from above, 
the fascia transversalis, from below the superficial layer of the fascia 
lata, attaches itself. And besides, already Desert (Poırıer. Traite, 
T. 5, pag. 89) reports a concurrence of the f. transversalis with 
the vessels on the thigh. 

2. We saw just now that the fascia lata and transversalis were 
connected when passing before the vessels, on the taeit understanding 
that with f. lata we meant only the superficial leaf. Now the sagittal 
sections afford us another datum of fundamental significance, viz. 
that while passing behind the vessels the fascia transversa is in 
precisely the same way connected with the deep layer of the fascia 
lata,  i.e. with the layer that lines the bottom of the fossa scarpae. 
This is no novelty either, since, as we know, CooPEr’s ligament 
lining the pecten ossis, is generally acknowledged to be an inter- 
lacement of fascia transversa and deep fascia-lata-fibers. 

When combining the facts mentioned under 1 and 2, we arrive 
at the conclusion that, as said above, the fascia transversa, 
on meeting the vasa iliaca, not merely attaches itself 
to them, but forms round it a closed sheath. For further 
illustration we add the following partieular: 
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Just as Poupart’s and Cooper’s Ligament are formed by 
transversal fiber bundles interwoven where fascia-extensions, eöming 
from different direetions, meet, we also find in a number of cases 
a fully developed frontal fiber-bundle there where passing behind 
Poupart f. transversalis and fascia lata become merged. This is 
the very bundle felt by La Ünarsrer in vivo. It naturally runs 
parallel to the ligamentum inguinale in a somewhat deeper level. 
This ligament, which I observed most distinetly in two of the four 
corpses examined, and which in the frontal section of the female 
pelvis was highly conspieuous as a bundle of 2 mm in diameter 
(see figs 2 and 3), is no doubt the same as Tnomson’s ligament 
(Bandelette iliopubienne) described especially by French writers. 

3. While then the faseia transversalis forms distally a closed 
vascular sheath about the vasa femoralia, proximally te same thing 
oceurs, as pointed out above. This bears more particularly on 
ONMBRRDANNE’S region. According to a number of authors the fascia 
transversalis reaches no further down than to the upper limit of 
the pelvis, which means to say down 10 the os pubis. It goes 
without saying that this view is incompatible with the relation 
deseribed by me. Besides relying on direct observation of my 
sagittal sections which in my judgment, proves irrefutably the con- 
neetion between faseia transversalis and fascia pelvis, I also call 
to witness other authors making special mention of this connection. 
First of all Spantenortz in his well-known atlas (p. 613); secondly 
Paun Deiset, whom we have referred to in eonnection with the 
crural extension of the fascia transversalis. There ‘we read: „En 
bas il (F. tr.) descend seulement jusqu’ au pubis (ÖHArPpeY, PIERRE 
Derser); le plus souvent, si jen crois mes recherches, confirmees 
par les r&cents travaux D’OMRREDANNE, il se continue jusqu’ au plancher 
pelvien. Il recouvre alors sur la ligne mediane le pubis, qu’il separe 
de la vessie, lat6ralement le ligament de Gimbernat: plus en 
dehors lorifice des vaisseaux femoraux. Une partie de ce tissu 
cellulaire suit les vaisseaux dans la cuisse, l’autre descend directe- 
ment derriere l’orifice en formant le septum crural. Par sa face 
anterieure il adhere intimement aux arcade de DovcLas, en bas il 
contracte avec la face posterieure du pubis des adherences laches’”’, etc. 
It will be remembered that in the exordium of this article we have 
stated that OMBREDANNE bas emphatically asserted that the vessels 
in the subperitoneal pelvie connective tissue are not merely lined 
by the fascia pelvis, but that this fasecia provides them with a 
complete sheath, that as OMBREDANNE puts it, then run into this 
fascia. Now when correlating this description, which as already 
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mentioned, was endorsed by many French authors, with my obser- 
vations concerning the faseia transversalis, which yielded data quite 
in keeping with OMBREDANNK’S conception, we conceive the following 
image of the entire complex of faseiae in these regions and its 
relation to the large vessels: 

From their subperitoneal course along the floor of the pelvis, up 
to the leg ihe vessels run through one econtinnous tubular sheath, 
formed by a series of interconnected faseia-formations, in which, 
however, as OMBREDANNE rightly points ont, the vessels are not. free 
but are enclosed by, embedded in, massive connective tissue. 
It seems, therefore, admissible to assume that ‘these fasciae are, 
indeed, nothing but compressions, (due to some mechanie cause), 
of the vascular conneetive tissue, where its surface was exposed to 
frietion and pressure from environing elements. ') 

Still there is one more item I should like to diseuss in this con- 
nection. The importance which OMBREDANNE ascribes to the vessels 
in his treatise, and which reveals itself also. in his terminology 
(lames vasculaires) has caused him to be accused of one-sidedness. 
That OMBREDANNE’s conception requires, indeed, to be worked out 
a little more, cannot be demonstrated better than in the very region 
of Scarpa’s triangle. For, if we once more consider the boundary 
of the “fascial tube”, the frontwall will be seen to be formed by 
the superficial layer, the back-wall by the deep layer of the fascia 
lata, both of which are continued in the fascia pelvis with the 
co-operation of the fasecia transversalis. It is elear, therefore, that 
what is known in topographical anatomy as “Fossa Scarpae” is 
nothing else but a considerable distension of the ““lame vasculaire”; 
which distension may be explained by the presence of the large 
number of Iymphatie glands in situ, which will apparently occur 
also in that “ame”. For the very reason that the Iymphatie vessels 
require so much space the “faseial tube” cannot enfold the vessels 
closely, on its passage under Tnuomson’s ligament; this is why this 
ligament of Tnomson, instead of uniting medially to the vessels 
with the deep layer of the fascia lata, attaches itself only much 
farther medially to the f. pectinea; and finally this is why we 
observe on the medial side of the vessels a mass of eonnective tissue, 
furrowed with Iymphatic vessels, bridged over at the front by 
Tromson’s ligament, at the place where (in my judgment wrongly) 


!) The term „fascial tube” should not bring before our minds individual, inde- 
pendent formations. | could not find a better expression. From what has been 
said and will still be said, it will be clear to the reader, I hope, that it is just 
_ the passive capacity of assimilation of the connective tissue that I wishedto accentuate. 
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observers presume to have detected the Septum of Cloqyuet. In 
reality what has been deseribed as such, is nothing but a mass of 
connective tissue bundles filling up the space left between the 
Iymphatie vessels. I am firmly convinced that, together with the 
vessels, also the Iymphatie vessels run from the leg as far as the 
pelvis and perhaps further, in a permanent eonneetive tissue sub- 
strate, surrounded by connected fasciae, which according as the 
local relations vary, will be outlined more or less sharply. 

In the foregoing I do not at all presume to have brought forward 
new faets. Such faets as were disclosed in my preparations have 
already been discussed by others. How could it be otherwise, con- 
sidering that the same field bas already been worked up thoroughly 
numberless times by numberless anatomists? If then, in spite of this 
I have been bold enough to take up again the anatomy of the crural 
canal, it is because I believe that the bringing together of some details, 
about which some authors still disagree, may serve two purposes: 

In the first place this inquiry may be condueive lo increase the 
appreciation of the connective tissue in the striet sense of the word, 
also in maeroscopie anatomy, without derogating fıom the fasciae. 
We only wish to lay stress on the fact, that as OMBREDANNE argues, 
the eonnective tissue is essentially a supporting tissue: „..- mais 
il n’existe que l& vü il soutient quelque chose”. Moreover, apart 
from the apprecialion due to FRransen’s valuable work described 
in his thesis, my paper may tend to forestall the view that the 
fossae of the topographical anatomy are to be considered essentially 
as spaces, in which a vacuum could readily be induced. 

In the second place what has been reported in this paper, may 
be of some valne for applied anatomy, also in another respect. For 
instance our conception of the canalis cruralis is somewhat modified 
by it. Whereas hitherto it has been described as a region, more or 
less independent, and enclosed by independent muscular fasciae, it 
would be more proper, I think, to look upon this path, along which 
the hernia proceeds, as a subdivision of a large continnous complex 
of eonneetive tissue. It is generally imagined that an entrance into 
this forbidden space is made by forcing Cloquet’s septum, which 
is supposed to stand at the beginning of tlie tunnel. I, on the con- 
trary, would contend - that, since there is no real entrance of the 
tunnel anyhow not in that sense, a spot must be found somewhere 
else, when the intrusive peritoneum can press itself into the fascial 
tube. Indeed, I believe to have found a “weak spot” in the fascial 
wall, which may be deemed answerable for such a dereliction of 
duty. When we consider that the fascia transversa, running across 
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the os pubis, leaves the pelvis at the place,. where the vasa femo- 
ralia is located (see Fig. 4), while it covers the posterior part of 


Fig. 4. 
Front-view of the f. transversalis after detaching and folding back 
all layers of the anterior abdominal wall lying before it. 


this bone, i.e. the interior of the pelvie wall, medially behind the 
corpus ossis pubis, we may naturally expeet that in one spot or 
other, situated between these two places, the fascia transversa must 
cross the os pubis. Now, this erossing-point could easily be found 
in our anatomical preparation, because at the same place a trans- 
parent spot became at once conspieuous. Moreover this spot was 
less resistant to the pressure .of the palpating ünger, so tbat it is 
not out of the bounds of probabilities to state that there, that is 
exactly on the inside of Tnomson’s ligament, the faseia yields to the 
peritoneum and allows it to force its way into the canal. It should 
be noticed that, if this supposition is correct, the hernial sae must 
enter the canal from the medial side, on the medial side of the 
vessels, consequently preeisely at the spot where the septum femorale. 
is usually localized, so that my view does not elash with daily 


experience. However, further investigations may throw more light 
upon the matter. 
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Mathematics. — “Eaplanation of some Interference Curves of 
Uniaxial and Biaxial Orystals by Superposition of elhiptie 
Peneils”. By J. W.-N. 1» Huvx. (Communicated by Prof. 
HK. pe Vrres). 


(Communicated at the meeting of February 26, 1921). 


In Lissayous’ “Etude optique des mouvements vibratoires’”’'), the 
name of “Unisson” is given to the curve, resulting from the com- 
position of two vibrations, which only differ in amplitude and in 
phase. 

When the amplitudes are supposed to be equal and not diminishing 
with eontinued movement, when the directions are at right angles 
and the difference of phase increases from 0° to 90° — the unisson 
may be considered as a pencil of ellipses, whose envelope is a square). 

The null-ellipse of this pencil is a diagonal d, of the square, the 
end-ellipse is the cirele, inseribed in the square. Let the other diagonal 
be d,. | 

Two equal unissons, U, and Ü,, partially covering each. other, 
produce certain “watered curves” .(moire), which may be divided 
into two Sets: 

1°. those similiar to hyperbolas, when the exact covering of U, 
and U, may be obtained by moving the centre of the pencil along 
d, (fig. 1) and 

2°. those, similiar to lemniscates, when the exact covering may 
be obtained by moving the centre along d, (fig. 2). 

The “watered curves’” ’), above mentioned, bear a strong resemblance 
to the interference curves of some erystals — it will be examined, 
whether these interference eurves may be explained by superposition 
of two peneils of ellipses. ' 

Therefore, the image of the hyperbolas will be compared to the 
interferenee curves of a uniaxial erystal in convergent light, the 
erystal-plate being cut parallel to the optie axis and the image of 
the lemniscates to the interference curves of a biaxial erystal, the 
plate being cut perpendicular to the first diameter. 


1) Annales de Chimie et de Physique, 3itme serie. t. LI. Octobre 1857. 
2) Proc. Kon, Acad. v. Wet. pp. 857—870 March 1914. 
Mathesis, 3ieme serie t. X pp. 209212, 1910. 
3) On stereoscopie curves, See Comptes Rendus t. 130 p. 1616. 
Also: Harmonie Vibrations and Vibration Figures by J. GooLp, 0. E. BENHAM, 
R. Kerr and Prof. L. R. WILBERFORCE, Newton, London. 
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The “isophase” surface of BERTIN, by means of which interference 
eurves usually are explained, is the locus of points with a constant 
difference of retardations: 


ee 
WEEZE (mh 


In this formula d means the length of the way in the erystal, 
supposing, with Berrin'), that the bifurcation of the ray is neglected, 
V the velocity of light in the medium, V, the velocity of the 
ordinary and "V, that of the extra-ordinary ray in the erystal. 

V being constant, we may write - = - - — constant. 

The centre of the ellipsoid of polarisation is supposed to be in 
the centre of light in the lower side of the plate. 

Let P be a point of the image of interference eurves in the upper 


side of the plate, where d=d.. 


d, 
Suppose Y — m, then d =mV,, so P lies on asurfacee=mV, 
1 
(m — constant), homothetie with the blade e= V, of the surface of 


the wave. 


Suppose an, then d=nß,/, and P lies also on the surface 


2 
v=nßV, (n = constant), homothethie with the blade e= V, of the 
surface of the wave. 

The surfaces o=mV, and oe=n[1/,,, each being cut by the upper 
side of the erystal plate in a peneil of curves U, and (,, when m 
and n are variable, it is evident, that each curve of the image is 
the locus of the points of intersection of those curves of the peneils, 
which correspond t0 m—n = constant. 

The forms, into which the wave is found to diverge, are a sphere 
and an ellipsoid for uniaxial erystals; so the sections with the upper 
side of a plate, cut parallel to the optie axis, are a eircle and an . 
ellipse, having the same tangent in the extremities of the minor 
axis of the ellipse (the section in the upper side is an approximate 
form of that in the lower side of the plate). 

For the wave in a biaxial crystal, we find two surfaces, which 
are in fact one continuous surface. A plate, eut perpendieular to 
the first diameter, gives two ellipses, one of which is wholly sur- 
rounded by the other. 

Thus, it'may be said generally, that inter ference curves may be considered 
as “watered figures” of two concentric pencils of ellipses E, and Bi 


!) Ann. de Chim. et de Phys. (8). 63 pp. 57—99, 1861 en Ser 2, T 63. 1861. 
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Now, it is possible by meaus of a simple algebraie transformation, 
to derive these concentrie peneils E,, and E,, from the excentrie peneils 
VL. and U. | 

The curves of the new peneils however are composed of four 
vibrations, which differ only in phase and whose direetions two by 
two are parallel to those of the compounding vibrations of the unissons. 

To support these eonelusions by experiment, I have made use of 
an instrument!) planned by myself, with four pendulems, two of 
which deseribe a Lissasous-curve on a plane, which deseribes such 
a eurve itself. In our case, those two curves are unissons. The resulting 
movement isaspiral, which may be considered as a peneil of concentrie 
eireles. By altering the difference of phase, the eircles are eonverted 
into ellipses. | 

It is shown now by experiment, that always hyperbolas are 
obtained by superposition of two pencils, which have for null-eurves 
a eirele and an ellipse, having the same tangent in the extremilies 
of the minor axis, and lemniscates, when the null-curves are two 
ellipses, one of which is surrounded by the other. 

Because the peneils U, and U,, by inversion, may be derived from 
the peneils E,, and E,, it is evident, that the “watered curves” of 
the unissons are approximate images of interference curves of uniaxial 
and biaxial erystals. 

This theory is supported by further experiments. The centre of the 
hyperbolas is displaced by a small rotation of one of the unissons. 
The image resembles the interference-curves ofa uniaxial crystal, cut 
non-parallel to the optie axis (fig. 3). 

With a small number of curves, the image of the lemniscates has 
both poles surrounded by the inner curve, just as is taught in crystal- 
opties. (fig. 4). Two concentric peneils of circles (each compounded 
of four vibrations), show the phaenomenon of Newton’s rings. 

Probably it is also possible to obtain Aıky’s spirals in this manner, 
and the way, in which a certain image appears by superposition of 
two peneils of ellipses may throw more light upon the phaenomena 
of refraetion and polarisation of light in crystals. 


1) Other instruments are described in: Harmonie Vibrations and Vibration Figures 

by GooLD etc. 

Also: A. C. Banriero.‘ The Photo-Ratiograph, lllustrated London News, 
Sept. 25th 1920. pg. 470. 

Comptes Rendus t. 130. pg. 1616. | 

H. J. Oosrıng. Hand. XIV Ned. Nat. en Geneesk. Congres March 1913. Ann. 
d.: Phys. u. Chem. N. F. 33. p. 415 1888, Maandbl. voor Natuurwetenschappen 
1898; Zt. f. d. Physik. u. Chem. Unterr. 8 p. 190 1895 and 11, p. 221 1898. 
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Mathematics. — “On analytie functions defined by certain LAMBERT 
series.” By J. C. KLUYVER. 


(Communicated at the meeting of March 26, 1921). 


The definition of the analytie funetion was based by WEIERSTRASS 
on his theory of power-series. From a given analytic expression we 
deduce an element of the analytie function, that is a power-series 
converging within a determinate cirele, and by the continuation of 
this element an analytic function is defined existing within the 
region that is covered by tlıe set of the eircles of convergence. One 
and the same analytie expression in distinet regions may define 
several funetions. So, for instance, TANNERY’S series 


n 


n=® z? 
3 
ZU a 
k=» 
for |2| <1 will represent the analytic function 9, @)= & = 
KA 


2 
ar whereas for |z| >1 the expression defines the analytic func- 


vr ko 1 
tion 9, @) = — 2 zt=— 
N eg 


defined in a separate region, can be continued over the whole plane, 
but manifestly they remain everywhere essentially distinet. 

In fact, from the general theory it follows that the concept of 
an analytic function is not co-extensive with the concept of function- 
ality as expressed by an analytie expression and it is precisely this 
fundamental idea that, as BorkL repeatedly pointed out, sometimes 
leads to conclusions which are not always in every respect satisfactory '). 

BorEn supposes that a given analytie expression F (z) defines a 
function , (2) inside a certain closed curve C and moreover a second 
function 9, (z) in the region outside C, the singularities of these 
functions being everywhere-dense on the curve, so that C for both 
funetions constitutes a socalled natural limit. He then shows that 
the series of polynomials representing @, (z) under certain conditions 
remains convergent, absolutely and uniformly, when the variable z 
along certain radii crosses the boundary ©. Otherwise said, it oceurs 


Both functions, each of them 


!) Legons sur les Fonctions monogenes uniformes d’une variable complexe. 
Chap. Ill. 
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that the value of an analytie expression, coineiding at first with 
that of the function 7, (z), can be made to change continuously into 
the value of the function 9,(z) and this possibility more or less 
seems to be incompatible with the theory, according to which the 
functions p, (2) andy, (2) are wholly unconnected. 

In the present paper I propose to treat two simple examples in 
which the transformation of +,(z) into a series of polynomials is 
not necessary, and that, as I believe, yet give an insight into the 
tendency of BorrL’s remarks. 

Let the given analytic expression be the series of LAMBERT 

n=@ | zn 
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where the exponent s may supposed to be real. 
Clearly, whatever be the value of s, we can expand F(z) into 
an integral series, and as for |2| <’1 we have 


1 en 1 
= ele® 
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F(z) defines an analytie function »,(z) inside the circle © of radius 
unity. However, if s>1, we may write 


n=@® 1 1 n n=@] n 
Fe)=— 8 EN ER ae 


h) 
n=ı\ R° n® 1 n=1n° 1 1 


PERTER DE. j 
and from F(z) we derive also an integral series in Ei that is a 


second analytie function %,(z) existing in the region outside C. 
The functions %,(z) and %,(z) represented in distinct regions by 
the same analytic expression satisfy the relation 


nat+n()=-0  del<D 


but the main question is, whether either of them is, or is not an 
analytic continuation of the other. The decision can be based on 
a transformation of F{z). Corresponding to the rational numbers 


P_ of the interval (0,1) we can arrange the so-called rational 
2 gmt- 


points «, = e ° on the circle C as a sequence (a„) and denoting 
by g the denominator of the rational fraction that corresponds 
to a,, it will be seen that we have 
n=® 1 
F(@) = — 25(s+ 1) > Hz 
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This series of fraetions represents p,(e), if 2] < 1,s>0, on the 
other hand it is equal to y,(2) as soon 88 \z| >1 and at the same 
time s> 1. We now can apply a theorem due to Goursat ') and 
conelude that the points dı without exception are singular points 
of the funetions g,(z) and %,(2). Hence, as these points form a set 
dense on (, the eontinuation of either of the functions across the 
eirele is exeluded. ’) 

By application of Evrer’s summaltion-formula we can calculate 
the values taken by the functions y,(z) and y,(2), when z along 
the radius approaches one of the singular points. In this way l find 
in the first place, when z has a positive value @<(1, the following 
asymptotic expression for p1(2) 


1 Ns 
ya=— Se+bHt (108 =) ri-)51-)—3°0+ 
log- 
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holding for all non-integer values of s. 
The result is less simple, when z tends along the radius to the 
mE £ 
point e = ef. Putting z=oe#, I get for e<1 and supposing 
again s to be a non-integer ) 


!) Bulletin des Sciences Math., t. XI, p. 109. Sur les fonctions a espaces lacunaires. 
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2) This results also from one ofthe propositions concerning the series & b, _— . 
n=1 en 
enunciated in a previous communication (Verslagen en Mededeelingen. XXVILI. 
p. 269) according to which the continuation of the function across the_eircle is 
impossible, as soon as b„>0 and Lim b„ =. 
no 

3) For integer values of s the result is obtained by making $ tend to the 

integer limit. So for instance, if s tends to zero, we will find 
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The former of these formulae was obtained by ScHLÖMILCH, Ihe latter I deduced 
in a previous paper: On LAMBERT’s series. 
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In this formula &(p,«e) stands for the funetion that, if p>1 
n=o 1 
and 0 <a &1, is represented by the series & _—__—— 
ih) (a+n)r 


lt may be noticed that in both equations the absolute value of 
the error committed by stopping at any particular stage in the series 
is always less than a finite multiple of that of the last written term. 
In particular we may deduce, ne s>>14,; 
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Hence, as z approaches along the radius a rational point e neatgıs 


only the real part of the value of the funetion that incereases inde- 
„.p 
finitely and at all points 'e 9 which correspond to the same deno- 
minator q the real parts are ultimately equal. 
The function Y,(z2) behaves in quite similar manner because of 


the relation 
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by means of which 9, (2), a5 soon as 2 along the radius tends to 


en from the outside of the circle, is expressed in , Ka 

The rational points on © thus having been recognized as singula- 
rities of 9, (z) and @,(z), we now must turn our attention to other 
points on the curve, and as such 1 will consider the points erriE 
where & is a root of an irreducible algebraic equation of degree 
u>1 with integer coeflcients. Evidently these points e?#“# which I 
will eall the algebraie points of order u on C, determine a new 
enumerable set, everywhere-dense on the circle. 

Let z—=oe?*%, then it is readily seen that for all values of g 


1 


—— 1 >] „ it coes22nE<%, 
zn 

1 ä £ 

= \>Isinsans! ‚ if cos2rnn&>0. 
2" 


Now in the latter case n& is an irrational number increasing with 
the index n, hence there exists an integer k, such that |n5—k|l<< 3. 
But, as cos Quln5—k) = cos ung > 0, we must have Ing—k|< 4 
and sin 2# |nö—k| being the sine of an acute angle is greater than 


the angle itself multiplied by 2 
IT 


Therefore, if cos 2rn& > 0, we may write 
lsin2#n&|=sin2r |n5—k| 
and | 


k 
E— — 
n 


Now according to LiouvıLır’s known theorem about algebraic 

numbers, we have 
it 

de 
where M is a finite number independent of n and only depending 
on the coefficients of the equation of which $ is a root. 

In this way we conclude that 
1 2: 
ae 


zn 


k 
li; 
n 


and consequently that we have for all values of oe = |z| 
1 FA 1 
ns I—zn — = „ro ar nz 0 
1 zn M 1 


Pen: ff cos2arns>0. 
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Therefore the series of LamgBert F(z) converges absolutely on the 
radius of the point e®, as soon as s > u, the convergence being 
then independent of ge and uniform on any segment of the radius. 
Supposing z to move continuously along that radius, the value of 
the analytie expression F(2) which for s<{1 is equal to that of 
the funetion ,(z) changes also continuously into the value of the 
function %, (2) as soon as ge becomes greater than unity. Besides, if 
s is taken sufficiently above the number u, for instance, if we take 
s>2u-—1, the series obtained by differentiating term-by-term the 
series F (2) with regard to e in exactly the same way will give the 
value of = or that of nn according to the value of e. In this 
order of thought we may ascribe to the functions %, (2) and @, (2) 
a common definite value at the point e?”“, though of course that 
point is not an ordinary point. Making %, (e?"%) and 9, (e?"*) both 
equal to the finite limit Lim F (ge?"“), we obtain 


Be 
in=® cot and 
ER =—ILO+, Z 
n=1 n® 
n Ze cot an B h 3 
and the series 2 EneoRz will certainly be convergent, ifonly s >u. 


Rn n® 

Hence, we have established a certain connexion between the 
functions 9, (z) and p, (2) which according to WEIERSTRAss’s theory 
we must regard as essential distinet and in no wise connected. In 
fact, we have shown that in this very special case in which the 
classical continuation by means of power-series is impossible, a new 
kind of eontinuation, as complete as could be desired, is furnished 
by the series of Lamsert along the radii of an enumerable infinite set. 

The question arises, whether cases exist in which the continuation 
by means of a series of LAMBERT is effected along the radii of a 
set having the power c of the continuum. The answer is in the 
affirmative, we only want to choose a LAMBERT series the coefficients 
of which are deereasing more rapidly. For instance I will consider 
the series 


Again in this new series tlıe coefficients are positive and zero is 
their common limit, hence according to the proposition mentioned 
in the footnote on p. 1228, the rational points on the eircle C are 
singularities of the analytie funetions w, (z) and w, (z) defined by 
@(z) inside and outside C. 
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Again some insigbt in the behaviour of these functions in the 
neighbourhood of the singularities 18 obtained by the application of 
Eurer’s summation-formula. Giving in the first place 2 the positive 
value «<1, I find 


1 B, Da 1 > 
uw, (a) = ae OR Fr 3 (e—1) a ET : se(10g.) + 
log” 


and the absolute value of the error committed by stopping at any 
particular stage in the series always will be less than that of the 
last written term. 


mi . 
Putting then z= ge X — oe’? and making _ tend to unity, we 


will find 


— 1 | ‚( 1) =( ı) ehe ein 
Lim eB) — — +3 (e—-1l) — ug isin 


The function %, (2) behaves in the neighbourhood of a singular 
point in a similar manner because of the relation 


»o+n([5)=-0-D. (lel>D 


Now, let $ be a transcendental number of the interval (0,1) the 
expansion of which in a continued fraction gives 
Jen. si 1 
a+0,+0,+ + 
where all integers a; are less than a given finite number [. 
' Evidently these numbers &, and therefore also the points e?”® 
form a set of power c, the set of points e?"“ however being not 
dense on the cirele. By the known properties of continued fractions 


. i T 
we have, k being an arbitrary integer, N the n-th convergent 


N 
k Th Tate in 
: & >: N, - N.-+t2 le N, Bi 


on An+-2 1 u 1 
N, (an+2 N,+ı + N.) z 2N, Ny+ı z (an+ı+ 1)N„? = 2 (+ 1) N. | 
and as N, is manifestly always less than (/+1)*, we may write 


k 1 
E on > Sr De 
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Determining then the integer k by the condition |ng — k)ı<{ $ and 
putling z2—= ge?®, we get by the same reasoning as before 
1 


„a1 ‚if cos2nns<0, 
1 | k an 
en] An\& — ; EN 
zn | > n|\s > (+ ech „if cos Anns >> 
and consequently 
Khan 2® 1 ee 
Int" 1—.zr n! ‚if cos 2 nn: < ; 
ai zn I 1)?” 
Br Eu ‚if cos 2mn&>V0. 
a In.n! 


Hence the series G (z) will converge absolutely on the radius of 
the point e?*® and the convergence will be uniform on any segment 
of that radius. 

Thus then, we have shown that in this case the funetions %, (2) 
and w,(z) are connected at all points of an aggregate of power c 
and that along the radii of these points the series of LAMBERT G (2) 
procures a faultless continuation, whereas the analytie continuation 
necessarily fails '). 

The elementary examples I discussed show as well as the examples 
of BoreL that sometimes we are led to regard as a single function 
a group of distinet analytie functions existing in separate regions. 
And from the fact that in these cases a non-analytic continuation 
can be effectuated, the question arises whether a certain extension 
should not be given to the concept of functionality. Borsr made a 
step in this direction by developing the theory of a class of non- 
analytic, monogenic functions existing in a so-called domain of 
CaucHtY ’). 


1 1 j 
1) As we have — <— for all yalues of s, if only n is sufficiently large, we 
alu n® 


are certain that the series G(2) also furnishes the continuation along the radii of 


algebraic points of order whatever. 
2) Lecons sur les fonctions monogenes uniformes‘ d’une variable complexe. 


Chap. V. 


Geology. — “On the Composition and the Xenoliths of the Lava- 
dome of the Galunggung”. (West-Java). By Prof. H. A. BROUWER. 
(Communicated by Prof. @. A. F. MOLENGRAAFF). 


(Communicated at the meeting of November 27, 1920). 


During an eruption of the Galunggung, which commenced on 
the 18: of July 1918 and produced only an inconsiderable fall of 
ashes, a lavadome was formed in the crater, which formed on the 
90" of July an islet in the ceraterlake '), and which gradually grew 
so large that the entire lake disappeared. On the 11!" of August 
only the N. W. part ofthe Warirang-crater was covered with water/?). 

On a visit to the Galunggung-erater Dr. W. van BEMMELEN, on 
my request, searched for xenoliths‘ in the rocks of the dome, in 
order to ascertain whether any crystallization had taken place in 
the magma under {he crater similar to that in the dome of the 
Ruang (Sangi Islands) ’). The collection transmitted to me through 
the “Headoffice of the Mining Department”” comprises numerous 
samples of lava from the dome with fine-erystalline to coarse-grained 
homoeogeneous xenoliths, which will be described lower down. 

The lava of the dome. 

All the rocks examined are brownish-red, porous hypersthene- 
augiteandesites with phenoerysts of zonary plagioclases, among which 
frequently narrow basic and more acid zones occur alternately, so 
that the marginal zone, even in the case of markedly zonary struc- 
ture, is often only little more acid than the central part; also the 
succeeding zones differ but little as to basicity. 

Carlsbad twins occur; in sections of the symmetrical zone we 
determined that, on an average, the composition of the plagioclases 
is like that of bytownite Ab,, Ah,,. Inclusions, among which some 
of ore and of a glassy substance are generally few in number; a 
zonary arrangement, the inclusions being limited to certain zones, 
is sometimes met with. The hypersthene- and augite phenoerysts 

, R. D. M. VERBEEK et R. FEnNEMA. Geologische Beschrijving van Java 
en Madoera. II. 


?) B. G. EscHERr. De uitbarsting van den Goenoeng Galoenggoeng. De Taak 
12 Oct. 1918 pp. 126—127 en Mededeeling namens’ B. G. EscHER door 
G. A. F. MOLENGRAAFF. Versl. Geol. Sectie. Geol. Mijnb. Gen. II. Oct. 1919. 

°») H. A. BROUweER. Crystallisation and Resorption in the magma of the 


volcano Ruang. (Sangi Island). Proc. Kon. Akad. v. Wetensch. Vol. XXIII, 
p. 561. 
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are often accumulated; sometimes they are found together with 
plagioclase- and larger ore crystals. Where the pyroxenes are con- 
tiguous to groundmass they are commonly encircled by a narrow 
zone of ore, which is lacking where they are in contact with 
plagioclases. Apparently this is a chemical exchange between the 
phenoerysts of pyröxene and the still liquid part of the enclosing 
magma. In some samples of the dome resorbed brown amphiboles 
were found; however, they exhibited no idiomorphous erystalform 
and we venture to assume that they are not cerystals formed in the 
dome but fragments transported by tbe rising magma. Some of them 
may be fragments of the same crystallization products, from which 
the amphibole-rich homoeogeneous xenoliths originate. 

The groundmass of the dome-rock is rich in glass and contains 
lath-shaped plagioclase and grains or skeleton-shaped individuals of ore, 
while pyroxene has not (or only to a small degree) erystallized in 
this ground-mass. 


The xwenoliths of the domerock. 

Among them we distinguish the following types: 

1. medium-grained, occasionally porphyric xenoliths, consisting of 
plagioclase and amphibole with a small quantity of a more or less 
devitrified glass. 

9%. medium-, to coarse-grained xenoliths, made up of plagioelase, 
amphibole with little pyroxene and sometimes a little olivine. Glass 
oceurs also in these xenoliths. 

-3. medium-, to coarse-grained, sometimes porphyric xenoliths with 
plagioclase, (little olivine), amphibole and much augite and hyper- 
sthene. The olivine was seen only in some xenoliths, ore sometimes 
oeeurs in a small quantity outside the resorption-rims of the amphibole. 
The relative quantity of amphibole, augite, and hypersthene is variable. 
All xenoliths, in which the number of pyroxenes is not very small, 
have been included here. Glass with mierolites was observed only 
in some xenolith and in a very small quantity. 

4. porphyrie xenoliths with phenocrysts of plagioclase in a fine- 
grained groundmass in two generations with plagioclase, pyroxene 
and ore. Larger pyroxene-erystals do not oceur in the xenoliths, but 
are accumulated in a small marginal zone against the enclosing rock. 

5. fine-grained xenoliths, made up of plagioclase, augite, hyper- 
sthene and little ore. Much glass with microlites is found in some 
samples between the other minerals. 

6. zenoliths of older andesites, some of them bearing amphibole, 


others devoid of amphibole. 
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The xenoliths mentioned sub 1 (Plate fig. 1 and 2) are first of all 
characterized by plagioclases, which ave distinguished from those of 
the phenoerysts of the enelosing rocks by the almost total absence 
of the frequent alternation of more basie and more acid zones. The 
erystals, often zonary and with a broad basie central part are chiefly 
composed of. basie bytownite, the marginal zone is more acid. 

Tbe amphibole is strongly pleochroitie, from a brownish red to 
light-yellow, and invariably shows a resorption-rim, often only narrow 
in many xenoliths and sometimes entirely absent where the erystals 
are contiguous to plagioclase, while it is often well developed where 
the amphiböle is in contact with the glass-rich mass with microlites. 
These narrow resorption rims are composed ‚of a black mass of ore. 
It is obvious that in part the amphibole has erystallized later than 
the plagioclases, which form idiomorphous erystals and then guard 
against resorption that portion of the amphibole with which they 
are in contact. In the xenoliths with more strongly resorbed amphi- 
bole, there occur entirely resorbed erystals, which can only be 
recognized as original amphibole by their erystalform. In the erystals 
that are partly unaltered, the resorption-rim consists only of a mass 
of ore or a marginal zone of ore, separated from the intact part of 
the crystal by an irregularly shaped pyroxene-rich zone, which is 
sometimes lacking and which sometimes occurs mixed with un- 
modified amphibole. Out of the resorption rims larger erystals of 
ore do not occur in the xenoliths. 

Some of the xenoliths with strongly resorbed amphiboles present 
a porphyrie structure, the groundmass, which contains large, more 
or less idiomorphous amphibole erystals, consisting of plagioclase. 
Between these smaller plagioclase erystals, as in the non-porphyrie 
xenoliths with larger plagioclases, more or less devitrified glass is 
found. Plagioclase-microlites and ore-skeletons are easy to distinguish 
in this mass; only a small number of pyroxene microlites are 
distinguishable; the devitrification is sometimes complete. 

The limit between the xenoliths and the enclosing lava is always 
such that the lava has adapted itself to the shapes of the xenolith. 
The erystal faces of the plagioclases and amphiboles have reached 
full development at the margin of the xenoliths so that the boundary 
line with the lava proceeds irregularly. Also the enclasped glassy 
mass shows that the minerals had not been perfectly erystallized, 
when the xenoliths were taken up in the enelosing magma, so they* 
were still molten to a certain extent and may therefore be considered 
as an almost perfectly erystallized crust on the magma, which was 
effused from a larger depth and has produced the dome. The 
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groundmass of the lava of the dome and the devitrified glass of 
the xenoliths have then erystallized almost simultaneously. 

The xenoliths mentioned sub 2 do not differ much from those just 
deseribed; they are all characterized by a small amount of pyroxene, 
while also a small amount of olivine was found in some. The 
amphiboles show a narrow resorption rim, which contains much 
ore, mixed with pyroxene (prineipally augite). 

Veins of the same composition as the resorption rim are found 
in the more central part of the erystals, which are larger than those 
of the other minerals, which present an irregular outline and may 
enelose all the other components entirely or partly, also olivine, 
if it oceurs in the xenoliths. The olivine presents rounded shapes 
without distinet erystal faces and has been altered to some degree 
into a brownish red or black substance, rich in iron. The glass-bearing 
mass is rich in laths of plagioelase and also contains many pyroxene- 
microlites. The glass is very dark and the devitrified 'portion is 
apparently rich in iron; ore hardly shows itself in separate grains. 

The zenoliths with more pyroxene, mentioned sub 3 (Pl. fig. 3) 
are distinguished from the preceding chiefly by the decrease of the 
amount of amplıibole and the increase of pyroxene. Various structures 
oceur. Pyroxene (augite as well as hypersthene) occurs occasionally 
with a few larger amphibole-, and plagioclase-crystals in a finer 
erystalline mixture, consisting mainly of plagioclase with little 
pyroxene. The pyroxene (above all the augite) then exhibits similar 
skeleton-like structures to those of the amphibole, and then incloses, 
just like the last-named mineral, numerous plagioclase erystals, which 
also penetrate into the augites with idiomorphous crystal form, so 
that these are one of the last crystallisation products of the xenolith. 
In conneetion with this the ‚smaller plagioclases are entirely free 
from enelosed dark minerals,. the larger nearlv so. It is these 
xenoliths that contain olivine with rounded sbapes and mostly 
enclosed by the amphibole. Devitrified glass occurs in small quantity. 

In other xenoliths also bearing oceasionally olivine, for the rest 
little different from the others, the pyroxenes are chiefly . restrieted 
to the: fine-erystalline bulk of the xenolith, while only few larger 
erystals occur with some of partly resorbed amphibole and of 
'plagioclase. A portion of the xenoliths of this group displays the 
normal, medium grained structure without larger erystals; here we 
find evidence of the posterior erystallization of the amphiboles, 
because they occur in skeleton shaped erystals, which oceasionally 
enelose the pyroxene. The different stages of resorption of the 
amphibole, mentioned already for the xenoliths deseribed sub 1, 
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were also met with here. No olivrine was found in the samples of 
the mediumgrained xenoliths examined. 

The xenoliths mentioned sub 4, found only in some specimens, 
are free from amphibole, just as those mentioned sub 3. They are 
characterized by a remarkable structure, large plagioclase-phenocrysts 
lying in a groundmass, consisting of smaller erystals of plagioclase, 
few ore:erystals and very few of augite and hypersthene. The 
latter in their turn are surrounded by a fine-erystalline mixture 
of the same minerals, whose eonstituents — with the exception of 
the small plagioclases — occeur in a large number as inelusions 
in the plagioelases of the first and te second generation (Pl. fig. 4). 
Zonary structure does not occur with these plagioclases or 
only in a small measure and without the alternation of basic 
and more acid zones, which distinguish them from those 
of the enelosing lava. The fine-erystalline groundmass is almost 
entirely absent in a narrow marginal zone of the xenolith where 
this is contiguous to the enclosing lava. Here we see a mixture of 
plagioclase, like those oecurring everywhere in the xenolith as small- 
sized phenocrysts, together with the augite-, hypersthene-, and ore- 
crystals, which are seen only in small number in the central parts 
of the xenoliths as small phenoerysts. It appears then that pyroxene 
and ore are accumulated in the marginal zone. The structures 
described heretofore point to the fact that the erystallization of the 
xenoliths was still to take place for the most part, when they had 
already been taken up in the enclosing lava. In an early stage the 
plagioclases, the pyroxenes, and the ore-crystals of the second gene- 
ration have crystallized. The latter two have accumulated in the 
marginal zone of the xenolith. That the erystallization of the plagio- 
clases was the first to be finished here, is proved by the idiomorph- 
ous shape of the erystals relative to the pyroxenes in the marginal 
zone and the enclosure of plagioclase by pyroxenes, which occurs 
frequently here. In the central parts we see tlıat the erystallization 
of the ore and of the pyroxene of the fine-erystalline groundmass 
had already begun during the crystallization of the plagioclases, 
some of which have grown into larger phenocrysts. Then followed 
the ultimate erystallization of the fine-erystalline groundmass, in 
which oceurs the plagioclase in rounded shapes, which points to a 
erystallization about simultaneous with that of the pyroxene. The 
plagioclases of tle marginal zones are poor in or destitute of in- 
elusions and seem, therefore, to have erystallized before those of 
the central part of the xenolith, or the erystallization of the fine- 
erystalline groundmass has taken place in the marginal zone later 
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and in a smaller degree, so that the quantity of it is small there. 
The boundary between the xenolith and the enclosing lava, of which 
the latter has adapted itself to the shapes of the crystals in the 
xenolith, proves moreover that tlie xenolith has not been enclosed 
at greater depth in a solid state, but that it has been taken up in 
the enclosing lava as a partly erystallized mass. 

The zenoliths mentioned sub 5 consist of plagioclase, augite and 
hypersthene with a few ore-erystals, the interspaces being filled up 
with various quantities of a partly devitrified, dark substance, against 
which feldspar-mierolites stand out sharply outlined. The plagio- 
clases and the pyroxenes present mostly idiomorphous outlines (espe- 
cially the plagioclases); in contradistinetion to that of the xenoliths 
thus far described, the structure of the plagioclase is zonary with 
frequent alternation of more acid and basic zones, like those of the 
phenoerysts in the enelosing lava of the dome mentioned above. 

The zenoliths of older andesites mentioned sub 6, display differ- 
ences as regards mineralogical composition and structure. In some 
of them a few plagioclase phenoerysts oceur in a groundmass, 
consisting of plagioclase and pyroxene with ore. 

In others amphibole was observed, occasionally as phenocryst in 
similar rocks to those mentioned above, sometimes in aureoles round 
orecrystals, occurring porphyrically with plagioclase in a dark glass- 
bearing groundmass. Frequently the mieroscopie aspect changes 
considerably, e.g. as to the amount of ore and as regards the colour 
of the groundmass, while the rocks give an impression of being 
modified through eontactmetamorphism, in which process recrystalli- 
zations have taken place. The porphyrie plagioclases have been 
strongly eroded by the clear mixture of which the present ground- 
mass consists; we then suppose the groundmass to have been 
entirely recrystallized and the phenocrysts only in their marginal 
zone. The aureoles of amphibole round ore-erystals in a partly 
devitrified groundmass find an explanation in the assumption that 
what has taken place here is just the reverse of what happened 
with the resorption of amphibole. The enclosed andesite fragment, 
heated anew, has been for some time submitted to temperature- 
and pressure-relations, which do not affeet amphibole and this 
mineral has erystallized instead of components that otherwise build 
up resorption rims. 

The various erystallizations in the Galunggung magma. 

The boundaries of the homoeogeneous zenoliths relative {0 the 
enclosing lava proves that the xenoliths had not crystallized com- 
pletely when they were taken up in the lava. The residual magma 
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has crystallized as a glass-bearing mass with‘ miecrolites, just as the 


groundmass of the enelosing rocks. sr | | 
That in many xenoliths the amphiboles exhibit a resorption-rim 


where they border on the glass-bearing mass alluded to, points out 
that the amphibole remained stable down to the moment of the 
eruption of the lava dome, After this the pressure ın tag lava and 
the xenoliths decreased rapidly, which made the amphibole instable 
and augite could erystallize during {he time when ‚the temperainre 
of the residual magma fell, and a complete solidification had not 
yet been effeeted. This interval may have been longer or shorter 
for different portions of tlıe dome, hence the resorption in amphi- 
boles of different xenoliths was varying. Already before we accounted 
for the mineralogieal differences between xenoliths and dome-lava 
of the Rune!) we have assumed that during the eruption of the 
voleano the outpouring magma enclosed fragments of its completely 
or partly solidified dioritie crust. The same applies to dome and 
xenoliths of the Galunggung. The oecurrence of pyroxene-poor and 
pyroxene-rich amphibole-bearing xenoliths may be accounted for by 
the assumption that they originate from zones at various depths in 
this erust. It depends on the difference of pressure and temperature 
of these zones whether amphibole only or first pyroxene and later, 
on further eooling, amphibole has erystallized.*) 

In that case the pyroxene-bearing xenoliths originate from deeper 
zones according as they are richer in pyroxene, whereas at a greater 
depth with a higher temperature much less erystalline components 
and only pyroxenes occur in the outpouring magma, which does 
not contain amphibole as phenocrysts. 

The amphibole-free xenoliths with different structures described 
above, may have crystallized already before the eruption at a great 
depth, so above temperatures, at which the amphibole is stable, 
while in that case complete erystallization has taken place after 
the eruption had commenced, when the amphibole was not stable 
either, in connection with the suddenly modified pressure and tem- 
perature relations. Maybe some of these xenoliths have crystallized 
at a pressure lower than that of the stage of stability of the 
amphibole and may therefore belong to parts of the magma that 
have cooled down more slowly, that could erystallize more com- 
pletely along the walls of the vent and were only then carried 
along by the outpouring magına. 


ı) H. A. BROUWER, Crystallizations etc. loc. cit. p. 665. 
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Geology. — “On the Alkalirocks of the Serra do Gericimno to the 
northwest of Rio de Janeiro and the Resemblance between 
the Eruptive Rocks of Brazil and those of South-Africa.” 
By Prof. H. A. Brovwer. (Communicated by Prof. G. A. F. 
MOLENGRAAFF). 


(Gommunicated at the meeting of January 29, 1921). 


On the boundary between the State of Rio de Janeiro and the 
Distrieto Federal lies near the station of Maxambomba of the E. F. 
Central do Brazil, the Serra do Gericino'), extending in W.S.W.- 
N.N.E. direction over a length of about twenty k.m. and a breadth 
of about eight k.m. It is chiefly composed of nephelinesyenites like 
the Tingua eruptive province ‘which lies about 30 km. farther to 
the Nortb and of which the alkali-rocks have been described by 
Graser?) and Derpy ’). As I could not personally visit the Serra do 
Gericino during my stay in Brazil, several samples for further 
investigation were sent me by GoNZaGA DE Campos, Director of the 
“Servico geologico e mineralogico do Brazil”. 


Geological Survey. 


The alkali-rocks constitute an eruptive centre amidst the old 
gneisses of the mountain-range Serra do Mar, which runs parallel 
{0 the Brazilian Coast. (Fig. 1). We only know that the. gneisses 
are intruded by alkali-rocks which consequently must‘ .be younger 
than the gneisses. No data were obtained concerning the exact 
geological age. 

Coarse-grained, as well as dyke-, and effusive rocks occur, just 
as in other Brazilian occurrences of alkali-rocks. Although nearly 
the whole region and especially the highest parts consist of coarse- 
grained rocks, the oceurrence of effusive rocks allied to them, still 


1) MATHIAS .G. DE OLIVEIRA Roxo. Resume of the preliminar note on the 
Gericinö eruptive centre. Empresa Brasil Editora 1920. ) 
2) FR. GRAEFF, Mineralogisch-petrographische Untersuchung von Eleolithsyeniten 
von der Serra de Tingua. Neues Jahrb. f. Min., Geol. u. Pal. 1887. II, blz. 222 e.v. 
3) 0. E. Dergy. On nepheline rocks in Brazil. Quart. Journ. Geol. Soc. Vol. 
XLIll. 1887, biz. 457; Vol. XLVIIL, 1891, blz. 251. 
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proves that the Serra do Gerieino constitutes the strongly denuded 
remnant of a volcano or group of volcanoes, like the Serra de Tingua 
further northward. That remains of lava-flows have been preserved 
only locally, and only between the eruptive rocks, whereas they 
do not oeeur in the surrounding gneisses, points to the circum- 
stance that these effusive rocks, which originally must have extended 
far beyond the present mountain, have long been protected from 
erosion through overhead stoping, the roof having locally sunk 
down. These effusive rocks occur near the station of Maxambomba 
of the E.F. Central do Brazil, and near the facenda D. Eugenia 
elose to the west of this station. 

Dyke-rocks were e.g. met with near the station of Maxambomba 
(tinguaite), near the fucenda Mascarenhas and in the western part 
of the eruptive province, between Cava and Ypiranga (aegerine- and 
amphibole-Sölvsbergite). 

The coarse-grained rocks, which chiefly compose the eruptive 
province, are generally characterised by table-shaped felspars; con- 
sequently they belong: to the foyaites as far as they contain nepheline. 
Of the western part, known as Serra de Marapicu, samples of 
nepheline-free umptekite were examined, while among the foyaites, 
which seem to build up the greater part of the mountain-ridge 
between the Serra de Marapieu and the station of Maxambomba, 
also alkali-syenites (partly pulaskites) occur'') 


The granular rocks. 


The following types may be distinguished: 
1. Foyaites. 

2. Alkali-syenites. 

3. Umptekites. 

4. Pulaskites. 

Foyaites. 


ne seem to be the most common rocks of the Serra do Gericino. 
Type 1 is a pyrowene-amphibolafoyaite, colleeted near Cancella 
Azul along the road which erosses the rivulet Cachoeira. The com- 
posing minerals are light-coloured orthoclase and microperthite, 


') Most of the samples received, which had been provisionally determined as 
nepheline-syenite, belonged to the alkali-syenites. The typical foyaites originate 
from Cancella Azul along the road intersecting the rivulet Cachoeira. Therefore 
because many of the rocks have apparently been mistaken for nephelhe. syenılen 
whereas they are actually alkali-syenites, the data occurring on a map on Sie 
different types of nepheline-syenites have been separated cannot be relied on. 
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nepheline, sodalite, aegirineaugite, greenish-brown ‚ampbhibole with a 
slight quantum of analcite, lavenite, biotite, Noh- and magnetite, 
while museovite and ealeite occur as secondary minerals. 

Large extinetion angles in sections normal to the obtuse bissectrix 
point to Na-content of the orthoelase. Like the sodalite, the clear 
nepheline, only slightly altered into secondary minerals (muscovife 
and analeite), exhibits some idiomorphic erystals. The pyroxene is 
for the greater part of zonary structure, the central part may be 
very rich in augite-, the marginal zone very rich in aegirine mole- 
eules, but in most erystals the extinetion angles for aentral part 
and margin do not vary much. The amphibole presents olive-green 
or bluish-green colours, both kinds are found grown together some- 
times with the pyroxene, in which the erystallographie axes of the 
“ different minerals do not coineide. The large extinetion angles point 
to amphiboles similar to those deseribed by WaricHT') and by 
Ussing ?) and collected respectively from Brazilian and from Green- 
land alkali-rocks. The lavenite forms highly pleochroie and with 
strong birefringence erystals sometimes occurring with irregular 
erystal-form between the other minerals, like the analeite, in so far 
as this mineral is not an alteration-product of the felspathoids. The 
absorption-scheme of the lavenite is c (canary-coloured) >b=a 
(bright yellow); the erystals are often (sometimes polysynthetically) 
twinned; simple erystals also occur. The plane of optie axes is at 
right angles to the twinning plane cf. (100) and the cleavage-lines; 
the axial angle is large. Sometimes the crystals are partly idiomor- 
phie. Pyrite and magnetite occur in separated erystals, but often 
the pyrite is enclosed by a margin of magnetite and both minerals 
also oceur grown together with the other dark minerals. 

Type 2. This rock is more finely grained than the preceding 
and is composed of white- to light flesh-coloured felspars (chiefly 
microperthite) with grey or black greenish-eoloured liebeneritepseudo- 
morphs after original felspathoids. It was found near the facenda 


D. Eugenia. Beyond strongly weathered ore no original dark minerals 
can be recognized in the rock. 


Alkalisyenites. 


A rock, also collected near the facenda D. Eugenia, consisting 
for the greater part of light-eoloured miecroperthite wlıich is rich in 
albite and strongly weathered ore, contains only little of a substance 


) F. E. WrıeHr. Die syenitisch-theralitischen Eruptivgesteine der Insel Cabo 
Frio, Brasilien, Tscherm. Min. u. Petr. Mitt. 1901, XX, blz. 249. 


*) N. V. Ussing. Geology of the country around Julianelaab, Greenland, Med- 
delelser om Grönland. Vol. XXX VII, 1911. - 
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consisting of small muscovite-flakes, whieh may also be alteration 
products of original felspathoids. These, however, were tlıen present 
only in a very small quantity. 

Umptekites. 

The Serra de Marapicu i.e. the Western part of the Serra do 
Gerieino seems to be chiefly built up of these rocks. The composing 
minerals are for the greater part light-coloured microperthite and 
amphibole, and small quantities of pyroxene, titanite, analcite mag- 
netite and apatite. 

The felspars are mieroperthites with a variable amount of acid 
plagioclase, which is sometimes absent altogether. Large extinction 
angles in sections normal to the obtuse bissecirix point to a Na- 
content of the orthoclase. The amplıibole differs from that of type1 
of the foyaites, the extinetion-angles remain smaller and frequently 
varying colours occur in one and the same crystal; a greenish 
variety in the marginal zone, a brownish in the central part, but 
both varieties form separate erystals. The amphiboles are very much 
like those which Wricar') has described in an uinptekite near 
Cabo Frio. In erystals of zonary structure we see in sections normal 
to the acute negative bissectrix of a small axial angle the following 
absorption : t central part: reddish brown-green ; margin: green) 
+ —b (central part: brown with a greenish tint; margin: brownish- 
green). 

In sections parallel to the plane of symmetry the extinction-angle 
inereases towards the green marginal zone up to # 22°; we often 
see for the absorption parallel to the a-axis a homogeneons light 
yellow-brown colour, without any difference for central part and 
marginal zone. The only slight quantity of pyroxene consists of a 
green augite with extinetion angles as higlı as 40° relative to the 
cleavage lines Apatite is present in numerous idiomorphie cerystals. 

_Pulaskites. 

This term comprises the alkali-rocks rich in .mica, sometimes with 
a small amonnt of felspathoids. 

Type 1. The felspars have a more reddish tint than those of the 
rocks described above. The sample was collected along the road 
from Maxambomba to Mascarenhas, elose to the facenda D. Eugenia. 
Biotite and titanite are visible macroscopically in numerous erystals. 
The composing minirals are: microperthite and a small amount of 
plagioclase, sodalite and analeite, biotite, augite with a margin of 
aegirineaugite, apatite and ore. As secondary product oceurs a chlo- 


1, F. E. WrisHr. 1. c. p. 246. 
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ritie mineral of rather strong double refraction, which has been 
formed to the cost of the pyroxene. 

The large extinetion angles in sections normal to the obtuse bis- 
seetrix again point to a Na-content of the orthoclase of the micro- 
perthites. The analcite has been formed partiy at the cost of the 
felspar, optic anomalies occur. The biotite is highly pleschroic, the 
colour ranging from brownish black to brownish-yellow. The py- 
roxene is almost colourless and is often encircled by a rim ofgreen 
aegirine augite, but both also occur separately. Biotite, pyroxene, 
titanomagnetite, titanite and apatile often aregrown together, in these 
intergrowths all or some of the minerals referred to occur. 

: Type 2. The felspars in this rock are partly green and the dark 
minerals chiefly oceur only in small erystals. It was found in that 
part of the Serra do Gerieino which is known as Serra de Cabucu, 
along the road between Mascarenhas and Cabucu. 

The felspars consist of orthoclase or microperthite, which is poor 
in plagioclase. Not a trace of felspathoids is distinguishable. The 
markedliy pleochroic biotite (from brownblack to light brownish- 
yellow) has often partly or completely been converted into green 
mica, while at the same time grains of a light yellow-green highly 
refracting, isotropous mineral having the properties of garnet, are 
formed. These grains are also found scattered in the felspars and 
the conversion may have taken place already before the complete 
erystallization of the rock. 

The rock contains also titanomagnetite which has been entirely 
or partially converted into leucoxene. 


The dyke-, and the effusive rocks. 


We distinguish the following types of rocks: 
Alkalisyeniteporphyries. 
Nephdinesyeniteaplites. 

Tinguaites. 

Sölvsbergites. 

. Trachytes. 

Alkalıisyeniteporphyries. 

If these rocks contained originally felspathoids, the latter have 
been completely converted into secondary minerals. 

Type 1. A rock, collected where the road to the facenda D. 
Eugenia crosses the rivulet Cachoeira, contains white to bright 
reddish felsparphenoerysts in a grey fine-grained ground mass. 

The felsparphenoerysts eonsist of orthoelase in which felspar with 
stronger double refraction is seen in sınall quantities. Pseudomorphs 


I 
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also oceur. They consist of muscovite flakes; whether the original 
mineral has partially belonged to felspathoids, which the form some- 
times seems to suggest, could not be made out with certainty. In 
the groundmass the same felspars occur, the laths contain more of 
the strongest double-refracting felspar mentioned above, this felspar 
sometimes exhibits polysynthetie twins and occurs also in a few 
separate erystals. The groundmass contains also muscovite, caleite, 
rather much apatite and ore, which occurs also in some larger 
erystals, is strongly weathered and consisis partly of pyrite. 

Type 2. Near the facenda D. Eugenia a rock was colleeted with 
white to faintly reddish coloured felsparphenoerysts in a light-gray, 
finely erystalline groundmass. The rock is strongly serieitised, although 
the felsparphenoerysts have been altered very little. Initially it may 
have contained felspathoids. Ore, leucoxene and titanite occur. 

Nephelinesyeniteaplites. 

These rocks are known only as boulders near Mount Sape in 
the Serra di Marapucu (western part of the Serra di Gericino). 
Macroscopirally it presents itself as a medium-, to fine-grained light- 
grey rock, with numerous black points chiefly consisting of magnetite. 
The constituents are: clear albite, less clear orthoclase and micro- 
perthite, nepheline and analeite, magnetite and little pyrite, titanite 
apatite and green or brownish biotite. 

The nepheline is often enclosed by the felspars. The albite reveals 
itself in a large quantity in polysynthetically twinned crystals. There 
is an abundance of analeite; a Cl-reaction with a negative result 
points to the absence of sodalite. 

Tinguaites. 

Typieal tinguaites were colleeted near Maxambomba, the rocks 
seem to form a dyke here and also a flow, the latter of a thickness 
of more than 100 meters. Only a single sample was examined, most 
likely several varieties and also typical effusive rocks oecur here. 

The sample contains in a grey finely-erystalline groundmass a 
few phenoerysts of light-coloured felspar, consisting of Na-bearing 
orthoelase or anorthoclase. They have been partially converted into 
natrolite. Mieroscopically the groundmass seems to consists of felspar 
laths aegirine, natrolite, analeite and a little nepheline. Some prisms 
with high refraetive indices and strong birefringence, which show 
parallel extinetion and are opflically positive, point to zircon. 

The colourless substance with low refractive index which exists 
in large quantity between the felspar laths, is probably - chiefly 
composed of analecite, which is partially än alteration produet of 
original nepheline. 
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Muscovite flakes also occur a8 alteration products of nepheline. 
Larger erystals of aegirine show distinetly a higher augıte ORAL 
in their central part the needles often show a sheaf-shaped or radial 
arrangement. 

Sölvsbergites. 

Under this name we have grouped the rocks in which probably 
felspathoids oceurred, but in smaller quantity than in the tinguaites. 
The felspathoids cannot be recognised any more as such, the second- 
ary minerals, however, are indicative of their having been present 
originally. Then the rocks approach the tinguaites. 

Type 1 (with pyroxene). It is distinguished from the above-mentioned 
tinguaite by the dark grey colour of the finely erystalline ground- 
mass, against which numerous white or light-red phenocrysts, which 
no doubt consist for the greater part of felspar, are sharply outlined, 
while also a few larger pyroxene crystals occur. It was collected 
from a dyke between the Serra de Cabucn and the Serra de Marapicn. 

‚Orthoelase is the predominant mineral of the phenoerysts; in 
small quantity polysynthetically twinned felspars occur with small 
extinction-angles. More or less regularly defined groups, consisting 
chiefly of acid plagioclase and cancrinite, sometimes mixed with 
analcite, possibly point to original felspathoids. Beside larger erystals 
of aegirine-augite with a high augite-content, which decreases in 
zonary crystals in a narrow marginal zone, also a few phenocrysts 
of brown amphibole and very little biotite occur together with larger 
ore-erystals. The groundmass consists of numerous pyroxene-needles 
sometimes of zonary structure and consisting of aegirine and aegirine- 
augite. Sometimes the central part of zonary erystals is of a violet 
colour with a great extinction-angle indicating the presence of titani- 
ferous augite, which was also observed in some large crystals. Very 
few amphibole prisms oceur. In the colourless mass between them 
felspar can be recognised, originally it probably consisted chiefly of 
felspar and felspathoids; at present there is an abundance of cancrinite 
and analcite as products ofalteration. Inclosures of ore are numerous. 

Type 2 (with amphibole). It was collected near type 1 also from 
a dyke. It is a dark grey fine-crystalline rock with some felspar- 
pbenoerysts. Original felspathoids are not noticeable, but the cancrinite- 
content of the groundmass points to their former existenee. True 
amphibolephenocerysts do not oceur, though we do see accumulations 
of brown-green amphibole and ore which sometimes show a regular 
outline. 

The groundmass ‘is composed of a good many plagioclase-laths 
which are sometimes polysynthetically twinned, of markediy pleo- 
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chroie amphibole, the colour ranging from dark brownish green to 
light brownish yellow, without large extinction-angles; of ore, 
cancrinite, analeite, fiuorite and little caleite. 

Trachyte. 

The grey, compact rock was collected from a lava flow more 
than 100 M. in thickness, near the facenda D. Eugenia. 

A microscopic examination shows beside portions, in which erystal- 
line eonstituents with weak birefringence are scarcely visible, other 
parts, in which distinetly felsparlaths without polysynthetie twins 
and with nearly parallel extineiion, have been largely developed. 
There are also larger felsparerystals; in sections normal to the acute 
bisseetrix they present a rather small axial angle. Some of the larger 
felspars exhibit polysynthetie twins with small extinetion-angles. 
Parts with a more or less regular form and consisting of muscovite 
flakes remind somewhat of liebeneritepseudomorphs after nepheline. 
However, sometimes quartz oecurs in large quantity mixed with 
museovite flakes. The quartz, which we take to be a secondary 
product, also oceurs scattered in the rock. Finally pyrite must be 
mentioned as one of the composing minerals. 


Resemblance between the Eruptive Rocks of Brazil 
and those of South Africa. 


Rocks, rich in alkalies, some of which have been described above, 
are of frequent occurrence in Brazil 'as well as in South-Africa, and 
the various types in both regions show many points of resemblance, 
which will be discussed in detail lower down. This resemblance 
exists also with regard to other eruptive rocks. On a journey through 
Brazil in 1920 I was struck by the marked resemblance of some 
groups of sedimentary rocks with which I got acquainted in South 
Africa in 1910. Anyhow the differences are not greater than are 
known for adjacent regions of the African continent at a much 
shorter distance. 

As the prineipal groups of eruptive rocks whose resemblance in 
composition and geological aspect will be discussed below, we mention: 

1. Old granites, intrusive in rocks of probably archaean age. 

9.: Younger granites, intrusive in 'deposits of Devonian age and 
older than permo-carboniferous rocks. 

3. Younger rocks, rich in alkali, (nephelinesyenites, alkalisyenites 
with accompanying abyssal- and effusive rocks). 

4. Jurassic voleanie rocks and intrusive dolerites (the determination 
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of age is connected with the prolonged denudation before Upper- 
‚eretaceous- time. 

5. Kimberlites, alnoites ete. in pipes and dykes, younger than the 
dolerites mentioned sub 4'). 

Old Granites. 

The archaean rocks elassed tögether for Brazil under the term 
Brazilian complex, are granites, gneisses, quartzites, marbles and 
erystalline schists. They may be compared with the Malmesbury 
system of the Southern Cape Colony, the Swarzland system of tbe 
Transvaal and Rhodesia and the Fundamental complex with intrusive 
old granites of South-West Africa. Both the east coast of Brazil in 
the Serra do Mar and the opposite West Coast of South- and Central 
Africa consist for the major part of these rocks and they often 
impart to the landscape in both continents a similar topographie 
aspect. As to the petrographie features of these rocks no data are 
known suffieient for a minute comparison of the rocks near the 
opposite shores. 

Young granites. 

An instance of this type in South Africa are the granites of the 
“Bushveld Igneous Complex” in The Transvaal, oceurring in com- 
bination with the gabbros, norites and ultrabasic rocks, the Erongo 
granite in Hereroland, and the Branaberg granite in the North 
Western part of Damaraland. The first-named are intrusive in the 
?Devonian Waterberg Sandstone; the Eronga-granite has intruded the 
lowermost division of the ?Cambrian Nama System, hence they are 
younger than the old granites from which they also differ in petro- 
graphie composition, but their exact age is not known. 

In Brazil the extensive granite areas and their contacts with the 
environing sediments have been studied very little. However, here 
also granites are known as intrusions in the algonkian or old-palae- 
ozoic Minas Serie, as e.g. appears from the gold-bearing dyke of 
Passagem’) in Minas Geraes, ultra-acid granite apophysis, and in- 
trusive in the so-called itabirite-formation of the Minas Series. In 
the neighbourhood a granite occurs and similar gold-bearing quartz- 
dykes are known in several places in the States of Minas Geraes 
and Goyaz. In the southern states mention is made of the oceurrence 


ı) For the literature on parts of the coastal regions on either side of the 
Atlantic Ocean we refer to: J. C. BRANNER. Geology of Brazil. Bull. Amerie. 
Geol. Soc. 1919. P. A. Waaner. The Geology and Mineral Industry of South- 
West-Africa Geol. Surv. Memoir NP, 7, 1916. 

?) E. Hussak. Der goldführende kiesige Quarzlagergang von Passagem in Minas 
Geraes. Zeitschr. f. Prakt. Geol. 1898. Oktober, blz. 345 e.v. 


1251 


of granites, intrusive in rocks of.probably old-palaeozoic. For in- 
stance by E. P. pr Orıvrıra, and according to a communication to 
the present writer by Gonzaca DE CAmPos also in the State of Sao 
Paulo granites have distinetly metamorphosed old-palaeozoic rocks. 
As with the old granites, still too little is:known of the petrographic 
features of the Brazilian young granites to compare them with those 
of South-Africa. 

Alkalı-rocks. 

First of all we refer to places, where alkalirocks oceur at or near 
the opposite coasts, as in Brazil in a number of places in the Serra 
do Mar!) (Itatiaya, Serra do Gericino, Serra de Tingue, Cabo Trio) 
and in Afriea near the eoast of Lüderitzland, and near Cape Cross 
to the North of Swakopmund.?) It is most likely that similar rocks 
oeeur out of these better known regions in a number of other 
localities near the coasts. We know e.g. already pyroxene foyaite 
from Angola and much farther northward different alkali-rocks, from 
the Los Islands (9°13’ N.East). 

Abyssal-rocks and the related dyke- and effusive-rocks are associated 
with each other. They are in South-West Africa syenites, nepheline- 
syenites, essexites, and theralites with phonolites, tinguaites, boston- 
ites, camptonites, monchiquites alnoites. Similar rocks are known to 
oceur in the Brazilian coastal region, we cite only the well-examined 
foyaites, essexites, pbonolites, and basic dyke-rocks, besides tinguaites 
and bostonites in and near the State of Rio de Janeiro. The associa- 
tion with the related effusive rocks points in both regions to the 
eireumstance that the alkalirocks are in part intrusive into their 
own effusive rocks and that they have erystallized at a small depth 
below the earth’s surface. Erosion caused the volcanoes to disappear, 
_ which formerly existed near the two opposed coasts of the Atlantic 
Ocean, as they now arise near the East-African Lake-region, where 
also alkali-rocks are of frequent occurrence. Farther removed from the 
two coasts alkalirocks exist in various localities. We confine ourselves 
{to mentioning only two largest eruptive provinces, hitherto examined 
on both continents, viz that of Pocos de Caldas ») in the South of 
the State of Minas Geraes, and the that of the Pilandsberg ‘) in the 
distriet of Rustenburg (Transvaal). These two large provinces, the 


ı) 0. E. Derpx. On Nepheline rocks in Brazil. 1. c. 

®) E. Kayser. Bericht über geologische Studien während des Krieges in Süd- 
West-Afrika. Abh. der Giessener Hochschulegesellsch. Il, 1920, blz. 18. 

s, O. E. Derpr. loc. cit. 
..4) H. A. BROUWER. Geology of the alkali rocks in the Transvaal. Journ. of 
Geology, 1917, XXV, p. 741 sqq:- 
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first with a diameter of about 25 to 30 k.m., the second of about 
30 k.m., are both remnants of volcanie centres of large extent. In 
both provinces the effusive-rocks inelude phonolites, leueite-rocks, 
voleanie breecias and tuffs; among the abyssal-rocks foyaites and 
syenites are known. In both provinces aegirine or aegirineaugite is 
a common dark constituent and tinguaites occur as independent rocks 
or as marginal zone of nephelinesyenites. 

Voleanic rocks and intrusive dolerites. 

The voleanie rocks of the Stormberg-series, whose lavas are widely 
spread over the whole of Soutlh-Afriea, point to a voleanie episode 
in the mesozoic history ‘of this country. At the same time and 
shortly after this the instrusion of the so-called Karroo-dolorites 
took place, which occur chiefly as dykes and intrusive sheets. Near 
the westeoast the Kaoko-formation, composed of horizontal sandstones 
and augiteporphyrite, extends over a wide area between 18° and 
21° S. Lat. 

In Brazil similar rocks have a great extent. Dykes and intrusive 
sheefs of diabase occur in various places in the states of Minas 
Geraes and Sao Paulo in rocks of permian and of triassie age. Just 
as in South-Africa a thick series of voleanie rock oceurs in the 
upper series of the Sta C’atberina System, which is the equivalent 
of the South-African Karroo-System. These rocks are considered to 
be of Jurassice age and cover large surfaces in the States of Rio 
Grande do Sul, Santa Catharina, Parana, Sao Paulo and Matto 
Groso, even parts of The Argentine, Urugay and Paraguay. 

Rocks’ like those in the above-named Kaoko-formation in South- 
Africa oceur also in Brazil near the opposite coast in the Southern 
States of Santa Catherina, and Rio Grande do Sul. In both regions 
these formations overlie for the greater part archaean rocks. 

Kimberlites, Alnoites, ete. 

The frequent ocecurrence of these rocks in South-Africa as far as 
in the Congo State is well-known, in connection with the oecurrence: 
of the diamond in some of these rocks, especially in some diamond- 
pipes which are generally filled up by a volcanic breccia of 
serpentinised ultrabasie material. 

Suchlike rocks have been known long since in Brazil. They 
have been described by Hussar ') as pieriteporphyrite. He points out 
a certain resemblance between the diamond-bearing deposit of Agua 
Suja in West-Minas Geraes and the Kimberlites of South-Africa, 
while later on Kimberlite was recognized in dykes in the State of 


') E. Hussax. Uber das Vorkomen von Palladium und Platin in Brasilien, Zeitschr. 
f. prakt. Geol. XIV, 1906, blz. 284 e.v. 
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Rio de Janeiro together with pierite porphyrites, alnoites and lim- 
burgites, besides similar rocks in dykes and pipes in the Western 
part of the State Minas Geraes '). 

Just as the Kimberlite rocks near the West-Coast of South-Africa, 
the known Brazilian rocks also belong nearly all to the basaltic 
varieties, whieh are poor in- mica. 


Horizontal movement of the Atlantic Coasts. 


The resemblance between some groups of sedimentary rocks on 
either side of the Atlantic Ocean is also striking. We merely men- 
tion the South-African Karroo System and the Brazilian Santa 
Catharina System. The Orleans eonglomerate in Sta. Catharina and 
Rio Grande de Sul agrees with the Dwyka conglomerate of South- 
Africa and in either continent the higher divisions are built up of 
the above-named thick series of voleanie rocks, such as those of the 
Drakensberg in Cape Colouy and those of the Serra Geral in Rio 
Grande de Sul. 

When we reconstruct the volcanoes of alkali rocks which existed 
in earlier periods along the present coasts, and imagine the two 
continents to be brought close together, we obtain a configuration 
similar to the aspeet of the East-African Lake region, where at the 
present day the volcanoe Kenia and Kilima Ndsjaro built up of 
alkali-rich rocks, arise. This pieture illustrates WEGENER’S”) inter- 
pretation of the origin of the Atlantie Ocean °). More should be 
known, than has been recorded in the foregoing, about the resem- 


') E. Rımann. Uber Kimberlite und Alnoite in Brasilien. Tscherm. Min. u. Petr. 
Mitt. 1915. Id. A Kimberlita no Brazil. Annaes da Escola de Minas de Ouro 
Preto. N’ 15, 1917, blz. 27 e.v. 

2) A. Weeener. Die Entstehung der Kontinente und Ozeane, Die Wissenschaft. 
Bd. 66, 1920. 

5) Still other fissures of the African vontinent may be reconstructed of similar 
character to, but of higher geological age than, those of the present East African 
fractures. We refer to the system of dykes of alkali-rocks with a uniform north- 
western to northern trend, occurring on either side of the old volcanie centre of 
the Pilands Berg in the Transvaal and can be traced over a distance of more 
than 100 K.M., cutting through äll older formations. In the part of the earth’s 
crust, which has disappeared here through erosion the fault-system may have 
exhibited here an aspect similar to that of parts of the present East-African 
fracture-system ; it seems however that the horizontal movements on either side 
of these faults soon ceased and that they did not produce any considerable gaps. 
Then the fissures will disappear at greater depths and many similar faults may 
have existed in an earlier stage of erosion on the African Continent as intruded 
‚or gaping, fissures, of which no trace is visible now. (Cf. fig. 2 and p. 765 ın 
H. A. Brouwer, Geology of the Alkali rocks ete. 1. c.) 
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blance of the eruptive rocks and the petrographie PrOrNERe DeAt 
the opposed shores, to lend support to the above interpreistinn. 
Still, in any case the resemblance of the rare SrDplvn rocks, is 
striking. According to WEGENER the present coastlines of Afriea and 
South-America represent the borders of a fissure, which is supposed 
by that writer to have gradually widened to the present Atlantie 
Ocean through horizontal movemenis of the two present ennkinemii 

This hypothesis is at varlance 
with tbe view that the Atlantie 
Veean should have arisen through 

| the subsidenee of a continental 
region, while Africa and America 
are supposed not to have moved 
in a horizontal direction. 

The vertical movements executed 
on: the surface of the earth are 
evidenced e.g. by upheaved shore- 
terraces and reefcaps, drowned 
river valleys etc. In connection 
with this the genesis of sea-basins 
is explained by vertical downward 
movements, because the horizontal 
movements are not established in 


) a similar manner and consequently 
eh ie escape our direct observation. But 
| with rising rows of islands the 


horizontal component of the rate 
of movement is sometimes much 
greater than the vertical one. The 
latter is distinguishable by up- 
heavedcoralreefs and shore-deposits 
whereas the former must be derived 
from far less distinguishable phe- 

._ nomena such as the form of the 
ze’ ER of (nepheline) syenitic „gefeaps and the character of the 
mom fault-movements.!) The mesozoic 


rows of islands ofthe Tethys have 
executed chiefly horizontal and far less significant vertical movements, 


Fig. 2. An older African fault- 
system. 


2222 The old Pilandsberg vulcano 
(Transvaal). 


!) H. A. Brouwer. Über die horizontale Bewegung der Inselreihen in den 
Molukken. Nachr. Ges. der Wiss. zu Göttingen. 1920, Math. phys. Kl. Id. Breuken 


en Verschuivingen nabij de oppervlakte van bewegende geantiklinalen. Versi. Kon. 
Akad. v. Wet. Amsterdam, XXVIII, 1920, p. 1151. 
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at present their masses overlie each other in the overthrust sheets 
of the mountain chains. These movements are explained by the fact 
that the old continental flocks of Eurasia and Indo-Africa have 
moved towards each other, in which process continental areas have 
executed horizontal movements. Similar movsments may have co- 
operated to vriginafe the Atlantic Ocean. Whether horizontal or 
vertical movements have prevailed may to some degree be made 
out by comparing the geologieal composition and structure of the 
opposed coastal regions. The points of similarity enumerated by 
WEGEnER and contested by Soraeer') have still retained their signi- 
ficance in some measure and the concordance of the eruptive rocks 
discussed by us does not clash with the prevalence of horizontal 
movemen!is. 


1) W. Sosaser. Die atlantische „Spalte”. Zeitschr. der Deutschen Geol, Gesellsch. 
1916, Monatsber. Bd. 68, S. 200 folg. 


Physiology. — “A direct proof 0] the impermeability of the blood- 
corpuscles of man and of the rabbit to glucose”. By S. VAN 
Creverp and R. Brınkman. (Öommunicated by Prof. H. J. 
HAMBURGER). 


(Communicated at the meeting of December 18, 1920). 


1. Introduction. 

The question dealing with division of glucose between the red 
bloodeorpuscles and the bloodplasma, which has been discussed so 
often already in the literature, has come to the front again through 
recent research. 

In 1919 one of us together with Miss E. van Dam published a 
series of researches '; which elearly demonstrated that the permea- 
bility of the bloodeorpuseles for glucose is intimately related to the 
process of coagulation, and that the bloodeorpuseles of the frog and 
of man are found to be impermeable to gluclose only when the 
earliest incipieney of coagulation has been prevented. In the case 
of the frog the physiological impermeability could be shown by 
direet chemical analysis. 

Such a direct chemical proof could at that time not be given for 
the human bloodeorpuseles. In the osmotie experiments these blood- 
corpuseles were invariably found to be impermeable in cases where 
the blood had not yet coagulated, and it was held that all the 
authors who had found the bloodcorpuscles to be permeable to sugar 
had used blood of which the commencement of coagulation had not 
been prevented. 

Shortly after this publication tliere appeared an article by W. Fauta 
and M. Rıcater-Quittner ’) on the distribution of sugar, chlorides 
and residual-N between plasma and bloodcorpuseles in the eircu- 
lating blood. Also these investigators came to the conclusion thatin 
man the sugar in the blood occurred only in the plasma. The 
method used by them could be considered as a dırect chemical one. 
They determined the amount of sugar in the blood as a whole and 
in the plasma, and from these two values ealeulated the volume of 
the bloodeorpuscles, taking for granted that all the sugar occurred 


') BRINKMAN and v. Dam. Arch. Intern. de Physiologie XV. 105. 1919. 
2) FALTA and RıicHTER—QUITTNER: Biochem. Zeitschr. 100. 140. 1919. 
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in the plasma. The volume of the bloodeorpuseles found in this 
way corresponded in a large number of cases to that determined 
in the haematocrite. 

The results of the Austrian investigators have, during the past 
year, been contradieted from different quarters by others who had 
used the same method, but had come to opposite results‘). This 
did not surprise us seeing that FaLra and RıcHrkr-Quittner had 
used hirudine to obtain the bloodplasma. Before them, however, 
several other investigators had already used hirudine blood and had 
found the bloodceorpuscles to be permeable. 

The explanation of this we thought could be sought in the fact 
that hirudine does not prevent the first phases of coagulation. Only 
after this had been prevented in another way it was found by the 
osmotie experiments (hat also in the hirudine blood the bloodcor- 
puscles are impermeable to sugar ?). If Faura and RıcHTer-QUITTNER 
in spite of using hirudine blood had obtained the same results, then, 
we thought, it was to be attributed not to the hirudine but to the 
separation of the plasma and bloodcorpuscles by direct and rapid 
centrifugalisation. Whether, by setting to work in this way, the 
bloodeorpuseles are indeed found to be impermeable to sugar is, 
however, still subjeet to grave doubt owing to the many failures of 
experiments done with hirudine blood by others. 

The great theoretical and practical value of the question under 
discussion demands however direct chemical proof which can be 
regarded as being absolute. Also this we think cannot be said of 
the esxperiments of Farta and RioHTER-(UITTNER. 

According to our train of thought such direet proofs could be 
given only by examining plasma wlıich was free from bloodcorpus- 
cles and which had been drawn directly from the bloodvessels, or 
had been obtained outside the body from blood which had remained 
perfeetly fluid without the addition of a single one ofthe substances 
which prevent coagulation, for these, after all, do not prevent the 
first phases of coagulation. The amount of sugar in the plasma ought, 
if the bloodeorpusceles were impermeable, to be able to be calculated 
approximately from the total amount of sugar in the blood, and the 
volume of the bloodcorpuseles °). 


1) See f. i Biochem. Zeitschr. 107. 246 and 248. 1920. 

2) BRINKMAN and v. Dam l.c. 

3), We say "'approximately” because we want to take for granted for the time 
being that the blood corpuscles have a share in the socalled restreduction. This 
is however very small according to the investigation of R. EGE (Biochem. Zeitschr. 
107, 229, 1920) when determined by the Bang-method which we used. 

81 

Proceedings Royal Acad. Amsterdam. Vol. XXI, 
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We have succeeded in obtaining plasma in both of these above- 
mentioned ways, first from the rabbit and afterwards from man, 
and in subsequentiy demonstrating in a direct chemical way the 
impermeability of the bloodeorpuseles towards glucose. 


II. Determination of the amount of sugar in the bloodplasma 
of the rabbit obtained from a vein isolated from the body. 


" To obtain blood-plasma from a blood-vessel our primary idea 
was that we could make use of the property of the bloodeorpuseles 
of female animals (especially pregnant ones) of settling rapidly 
compared to those of male animals !). Accordingly we several times 
clamped the marginal vein of a she-rabbits ear which did not show 
apparent anastomoses, the rabbit being bound on a rabbit plank 
and the ear in question held vertically. We did not succeed, however, 
in obtaining‘sedimentation in this way, probably because, after all, 
there still existed small anastomoses on account of which the blood 
could still eireulate in the clamped vein. 

By another method, however, the desired result was obtained 
with the same animals. 

Arrnus®) has fonnd that when blood is kept in a vein which is 
taken from the body and ligated at both ends, the blood remains 
fluid in this vein, and, what is of great importance with regard to 
the question under discussion, shows no glycolysis. This method for 
obtaining uncoagulable plasma has, practically speaking, up to the 
present been followed only with the jugular of the horse and is 
therefore known as the jugular-method. 

We have applied it twice to obtain pure plasma from rabbits. 
Here we set to work in the following way: The jugular on one 
side was laid open over a lengtlı of at least 4 cms. and dissected 
free from the neighbouring tissues and the greatest length between 
two of its confluent veins was doubly ligated at both ends. This 
part which was + 2!/, cms. long in both cases was then removed 
from the body and held vertically. Seeing that it would take too 
long to wait for the bloodeorpuseles to settle down when the vein 
was hung up we placed it in a small centrifugal tube in which 
the vein just reached to the bottom, and centrifugalized rapidly. 
After some minutes there could be seen through the wall of the 


!) FäHRAEUS. Biochem. Zeitschr. 89. 355. 1918. 
?) ARTHUR. Arch. de Physiologie 1891-1892, 
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vein the distinet division between the dark mass of bloodeorpuseles 
and the pale yellow translucent plasma. The bloodvessel was then 
ligated in the lowest layer of plasma and a prick hole made in 
the top portion from which the oozing plasma was caught up on 
two pieces of Bang’s paper. In both cases we obtained enough 
plasma to enable us to make a reliable double determination of the 
plasma sugar. Simultaneously with this blood was drawn from a 
vein in the ear of the same rabbit and in this the amount of blood 
sugar and the relative volume of blood corpuscles was determined. 
The result of both experiments was the following: 


a. b. fr > 
Total Volume Amount of plasma 
Blasmiasupar. bloodsugar. of sugar calculated 


bloodcorpuscles.) from b and c. 


Exper. I. 0.266 9% 0.194 9), 27 0.2657 9, 
» 1. 0.255 >» 0.1935 27 0.265 


We have therefore obtained with the jugular-method the result 
almost surprisingly accurate and accordanto that in the case of the 
rabbit the blood sugar occurs almost exclusively in the plasma. 
It can be remarked here still that both rabbits which were operated 
upon under a light ether anaesthesia showed a pronounced hypergly- 
caemia. This hyperglycaemia could therefore be reduced totally to 
a hyperglucoplasmia. 


I. To show the impermeability of the bloodcorpuscles of man towards 
sugar by the paraffin method. 


To investigate also in the case of man the impermeability of the 
blood corpuseles towards sugar along directly chemical lines we 
first used the vein method for obtaining the plasma. Upon the 
advise of Prof. Hamsurger the umbilical cord was used as human 
vein. Through the eondencension of Prof. NisHorF and the house 
obstetrieians of the obstetrical elinie in Groningen we had for some 
weeks at our disposal perfectly fresh umbilical cords. We tried 
repeatedly to bring about in pieces of umbilical cord a division 
between plasma and bloodcorpuscles in the large vein which could not 
always be traced distinetly, because this vein could only with great 
diffieulty be dissected free from the neighbouring tissue with which 

ehe 
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it was intimately connected. Neither by eentrifugalizing in suitable 
tubes nor by hanging up vertically pieces of ligated cord did we 
suceeed in this however in more than & few cases. The strong 
eontortions of the most umbilical cords and the eonsequent twistings 
were the chief reasons for this. Only once up to this did we succeed 
in bringing about in a cord with few eontortions, the division and 
comparing the plasma sugar with the quantity of sugar in the 
blood of the cord as a whole and the relative volume of the blood 
eorpuscles. The concentration of the sugar in (he plasma was found 
to be markediy higher that that of the blood in the cord. 

It appeared that some of the large veins which are constantly 
found on the surface of the foetal side of the placenta could be 
more easily isolated and tlıen centrifugalized. In tliese ıhe blood 
remained fluid for a markedly long time. Also in tlıese cases we 
can up to tlis boast of only one reliable determination for com- 
paring the plasma and the blood as a whole. This however also 
proved to be in favour of the plasma. We have not been able to 
make a suffieient number of determinations by this method to come 
to a conelusion through them whether human bloodcorpuscles are 
permeable or impermeable to sugar. 

We succeeded in doing this in the meantime by another metlod 
viz the paraffin method ; one way of keeping blood uncoagulated 
without adding one of the known substances is by colleceting it in 
tubes which have been thoroughly cleaned and then waxed to make 
them perfectly smooth. By using thus small and narrow waxed 
tubes the blood collected in them can by rapid centrifugalization 
be divided into its corpuscular and plasmatie parts which takes 
place without the oceurrence of ceoagulation. In larger tubes coagu- 
lation took place fairly regularly during the process of centrifu- 
galization. The way in which plasma was obtained now was 
very simple. 

From a carefully celeaned finger tip in which a deep prick was 
made with a needle, we allowed a few drops of blood to fall into 
two tubes wlich had been waxed shortly before the experiment. 
These were then rapidly centrifugalized for a period of from one 
to two minutes and the plasma then sucked off by means of a waxed 
pipette and dropped on Bang’s paper. At the same time blood was 
collected for the determination of the total amount of bloodsugar 
and the relative volume of the bloodeorpuseles. 

From a number of (hese experiments conducted with different 


persons at different times of the day the following results were 
obtained: 
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Total Sugar in the Volume of the Calculated 
bloodsugar. plasma. bloodcorpuscles. ee 
0.117 %, 0.178 9, 38 0/, 0.188 /, 
0.103 0.161 39 0.169 
0.110 0.165 38 0.180 
0.135 0.223 43 0.237 
0.137 0.192 38 0.221 
0.111 0.188 4 0.190 


In our opinion ihese resulis afford a direct chemical proof that 
the bloodcorpuscles of man are free from sugar. 

This deeision will have to be taken into account in clinical 
examinations so that besides the determination of the amount of 
sugar in the whole of the blood the volume of the bloodeorpuseles 
will have to be determined. 

The euntradietion which we find witb the many authors on this 
subjeet‘) we hold has its origin in the following facts which we 
will return to in extenso later: 

1. Only in blood in which no signs of coagulation have appeared, 
we find the bloodcorpuseles free from glucose (hirudine and other 
substances which are supposed to make the blood uncoagulable, do 
not arrest the very first phases of the process of coagulation). 

I. The existenee of a. glucose-colloid-compound. must be taken 
into account. 

3. Experiments which purpose the examination of the permeability 
of the bloodeorpusceles towards glucose with the aid of the intro- 
duetion of fresh glucose must be judged with. great care because the 
relative permeabilities of the «- and ß-modifications of (he «-glucose 
which result on solution of the latter are by no means equal’). 


Groningen, December 1920. Physiological Laboratory. 


ei, See f.i. Fauta en RicHTER-QUITTNER. l.c. 
R. Ege. Biochem. Zeitschr. 111. 189. 1920. 


BÖNNIGER. ,, EN 103. 306. 1920. 

BRINKMAN en v. Dam. Biochem. Zeitschr. 105. 93., 108. 74. 1920. 
HAGEDORN. ” “ 107. 248. 1920. 

FEIGL. e 112. 54. 1920. 


M. B. WIsHART. Journ. BL Chemistry. 44. 563. 1920. 
TıcHav. Zeitschr. Klin. Med. 79. 421. 1914. 
Grapwour and BLAıvas. Journ. Lab. and Clin. Med. II. No. 6. 1917. 
3) HAMBURGER. Proceedings of the Royal Acad. of Sciences XXI. NP. 4, XX VII 


p. 318 and 327. 


Physiology. — 


ions for the movements of the stomach 
of'the N. Vayus”. By R. BRINKMAN and Miss E. van Dam. 
(Communicated by Prof. H. J. HAMBURGER). 


The Significance of the concentration of caleium- 


caused by stimulation 


(Communicated at the meeting of December 18, 1920). 


The great significance of the caleium-ion as an antagonist of the 


Na- and K-ions has been set forth by numerous researches ') since 
the fundamental experiments by Ringer and JLOEB. The physico- 
chemical explanation of the action of cealeium-ions must be sought 
in the balaneing effeet that this ion has towards the monovalent 
Na- and K-ions, as is very clearly illustrated, for instance, by the 
researches of NerscHLosz ?), published but latily, about the influence 
of salt-equilibration on the surface-tension of lecithine-soles in water. 
From the table below one can form an idea of this action. In this 
list it is stated how the strongly-inereasing influence which definite 
(physiological) NaCl-concentrations exercise on the surface-tension 


TABEL 1. 
Total con- a 
Sr en | Cacı, 1, Cacl, 1. Cadı, Ih CaCh, Ui Call, N Cacl, Yon each, 
1 mol. 90.3 89.4 83.8 80.3 76.3 11:3 82.7 88.8 
1. mol. 90.7 90.3 84.4 80.8 76.6 18.4 83.6 90.6 
1, mol. 92.9 90.8 85.6 81.7 76.8 719.4 84.4 91.5 
l/g mol. 94.5 91.7 86.1 82.1 76.4 80.0 85.2 92.4 
Ihe mol. 92.9 89.7 84.4 81.2 76.0 19.8 84.9 91.0 
li, mol. 87.6 89.0 84 80.5 75.9 19.6 83:3 90.3 
I/ga mol. 83.6 88.3 83.6 80.1 75.7 18.5 82.5 89.4 
ing mol. | 80.1 | 81.5 | 82,7 18.5 75.9 17.5 81.9 88.1 


l) Summary in HöBkr: Physikalische Chemie der Zelle und Gewebe, Kap. 


VII (1914); v. TScHERMAK: Allgemeine Physiologie, p. 120 (1916); Bayrıss: 


ann of General Physiology, p. 215 (1915); Höser: Pflüger’s Archiv. 166, 


?) Neuscohtozs: Pflüger's Archiv. 181, 17, 1920. 
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of: leeithine-soles, is almost entirely neutralized by a definite con- 
centration of Ca”-ions. 

The surface-tension of a pure 1°/, lecithine-sole amounted to 
75.9.') 

Consequently it appears from this table that the influence of a 
definite concentration of an unbalanced NaÜl-solution on the surface- 
tension of a lecithine-sole, may be neutralized almost entirely by 
the addition of Ca-ions, but it appears at the same time that only 
one definite [Ca”] can do this and that this balanceing effect can be 
produced neither by a too large [Ca] nor by a too small one. The 
degree of this balaneing [Ca”] depends on the ion-system present. 

How we should explain this balaneing is not known with certainty; 
it seems that Loms*) and others have modified the theory of the 
eleetro-chemical ion-proteid-compound in favour of an ousting from 
the surface. In a biologieal respect examples have of late come to 
our knowledge from which it appears that also with the physiolo- 
gical ion-balaneing the degree of [Ca”] is deeisive, and that very 
slight fluetuations of these [Ca”] may have an important physiolo- 
gical eonsequence. ’) 

It may be understood therefore that these [Ca”] should be kept 
constant in the blood-plasm, as well as, e.g. the |H’]. The buffer- 
system by which this is principally effected has been indicated 
by Rona and TakaHasHt ‘). According to these authors there is 
for the free caleium-ion-concentration in the biood the equation: 
103,4 on (K being about 350), a relation we could entirely 
confirm by direct measurement of the [Ca”].*) As the [H’] practi- 
cally varies very little in physiological and also in pathological 
cases, the [Ca”] wilı consequently be controlled chiefly by the con- 
eentration of the bicarbonate-ions. An increase of the [Ca”] will 
depend in the first place on a decrease of the [HCO’,], in other 
words of an acidosis. 

The main objeet of tkis communication is what influence the [Ca”] 
and its fluetuations have on the irritability of the N. vagus. Asa 
ı) Measured with the stalagmometer of Trause: Handbuch der Biochemische 


Arbeitsmethoden V, Bd. 2. 1912. 
2) Loss: Journal of General Physiology, Vol. I en II. 
3) HAMBURGER en BRINKMAN: Biochemische Zeitschrift 88, 97, 1918; 
BrınkmAan: Biochem. Zeitschr. 95, 101, 1919. 
4, Rona en TAKAHASHI: Biochemische Zeitschrift 49, 370, 1913. 
5) BRINKMAN and miss van Dam, Verslagen Kon. Akad. v. Wetenschappen, 


meeting of 25 Oct. 1919. 


1264 


test-organ we selected the perfused, surviving frog’s stomach, on 
which we can easily study the influence of the N. yagus on the 


motility. 


The general significance of the Ca-ions for the irritability of the 
cerebro-spinal and the autonomie, central and peripherie nervous 
system has been known for some time. 

Lock&!) demonstrated that the COa-ion is necessary for eonducting 
the stimulus from a nerve to a voluntary muscle. OvERTON) proved 
that it was equally indispensable for preserving the synapsis between 
nerve-ending and ganglion-cell. 

Busquer and Pacnon?) showed that the irritability ofthe N. vagus, 
which soon disappears on perfusing the heart with a pure NaÜl- 
solution (Howeıı)‘), returns by adding small quantities ofCa. They 
further found, as did also Sapsaranı') by testing many caleium-salts 
of widely differing degree of dissociation, that we are definitely 
coneerned with an ion-influence and that undissociated Ca-salts were 
of no importance for the balancing effect. 

It is the concurring opinion of all investigators that the explana- 
tion of this Ca-ion effect must be sought again in the influence on 
the synapsis-colloids which is antagonistie to Na and K. From the 
above-mentioned experiments of NEUSCHLOsZ°) as well as from said 
physiological experiments ?) it appeared also that this | Ca” ] must have 
a very special constant value, and that slight variations of the physi- 
ological |Ca”] may be of great influence. A total absence of Ca”- 
ions will never oceur in vivo, but especially these slight fluctuations 
of |Ca”] are important under physiological conditions. 

It is true that in the literature of the subject there are indications 
to be found that a too large quantity of Ca is as detrimental as a 


I) Locke: Zentralblatt f. Physiologie 8, 166, 1894. See farther 
Cusamms: American Journal of Physiology, 6, 77, 1902; 
Mines: Journal of Physiology, 42, 251, 1911. 

2) Overronx: Pflüger’s Archiv. 105, 261 and 280, 1904. 


°) Busquer et PacHon: Journal de Physiologie et de Pathologie Gen. 11, 807 
and 851, 1909. 


Mines l.c.; Loewı: Archiv. f. Exp. Pathol. 70, 343, 1912. 
Hasgan and ORrMonD: Amerc. Journ. o. Physiol. 30, 105, 1912. 
CazzoLa: Archivio di Fisiol. 11, 88, 1913. 

4 Howe: Americ. Journ. o. Physiol. 15, 280, 1906. 

°) SABBATANI: C. r. Soc. Biol. 54, 716, 1902. 

& NEUSCHLOSZ: l.c. 


7) HAMBURGER and BRInkMan: l.c. 
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too small one"), but a careful study, showing the relation between 
the [Ca”] degree and the vagus-irritability, has not come to our 
knowledge. For this reason we have tried to find this relation as 
it was also done with the surviving frog’s kidney ”) and the haemolysis?). 


The perfusions were done as follows: 


The abdominal wall, thorax wall, and elavicula of the frog (d') are carefully 
cut away, also the extremities are removed and the test object is nailed to a board. 
For a better survey the intestines may also be removed as far as the duodenum 
provided the mesogastrium is not injured. The canula is inserted into the a. coe- 
liaca; the a. mesenterica is tied tight. In this way stomach + liver and gall- 
bladder (art. hepatica) are perfused. The pressure may be regulated by the level 
of the liquid-reservoir and the orifice of the canula. 

Should it be desired to perfuse the whole of the intestines + portal circulation, 
than the a. mesenterica is not tied; liver (arterial and venous), wall of gall-bladder, 
stomach and intestines are then perfused. The proximal part of the v. abdominalis 
must be tied. 

The n. vagus is stimulated by inserting electrodes in the tubae Eustachii; this 
is done most easily, by hammering 2 copper nails through the tubae into the board. 

With this method of stimulation we always see (by very constant coils-distance) 
the vagus-effeets on heart and stomach:intestines. 

The duration of each experiment was about 1!/, hours. 


We have now observed the influence of the Ca-ion-concentration 
in about 75 perfusions. Beforehand the irritability and the motility 
of the stomach-wall of the newly-killed not-perfused frog was deter- 
mined, which existed as much as possible under physiological conditions. 

Afterwards the perfusions took place with the following solutions: 

TIRNSCHOCN 

3. NaCl 0,6°/,, then NaCl 0,5°,,, NaHCO, 0,20°/,, CaÜl,.6 aq. 
0,040°/,, KCI 0,020°/, Pı= # 8,6 °). 

3. NaCl 0,6°%/, + KCl 0,02°/,. 

4. NaCl 0,6°, +KÜl 0,02°, + CaCl, .6aq. 0,005°/,, 0,010°/,, 
0,012°/,, 0,014°/, ete., 0,020°/,, 0,025°/, ete. 

5. NaCl 0,5°/,, NaHCO, 0,28°/,, CaCl,.6 aq. 0,040'/,, KCI 0,02°/,, 
P5 varying considerably:: from 8,6 to 7,2. 

6. NaCl 0,6°/,, CaCl,.6aq 0,040°/,, KC10,02, Pa=8,6, NaHCO, 
0,05°/,, 0,010°/,, 0,0015°/, etc. 


1) Josspu E. Meitzer: Americ. Journ. 0. Physiol. 89, 1, 1911. 
BenoaA: Zeitschr. f. Biol. 63, 11, 1914. 


2) HAMBURGER u. BRINKMAN, l.c. 
3) BRINKMAN: l.c. 
4) Colorimetrical according to SÖRENSEN. 
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1. The influence of a pure NaClsolution on the motility and 
the irritability of the vayus of the muscular-stomachwall. 


When observing the stomach of a newly-killed frog, one often 
notices spontaneous local contraetions or peristaltic waves in both 
direetions. Stimulation of the vagus, brought about: in the way 
described above, causes strong peristaltic movements, especially in 
the pylorie part; at the same time one can observe a frequent 
lengthwise contraction. The stimnlation has a räther long after- 
effeet (5 minutes). It was eonstantly found that the minimum degree 
of effective stimulation was with a eoils-distancee of 7 to 8 c.m. 

If the stomach is perfused with a 0.6 °/, NaCl solution a 
we see that the spontaneous peristalsis has disappeared after 5 to 10 
minutes and that the stomach has become quite limp ; the mechanical 
irritability has completely disappeared. 

The vagus-irritability is as follows: before the perfusion a vagus- 
effeet is observed with a coil-distancee of 7 to 8 c.m.; after a 5 
minutes perfusion a distance of 5 c.m.; after 10 minutes a distance 
of 4 to 3 em.; after 15 to 20 minutes even the strongest stimulation 
of the vagus takes no effect. 

This disappearance of the vagus-irritability is reversible. If, after 
half an hour’s perfusion with the pure NaCl solution, the liquid is 
replaced by a well-equilibrated salt-solution (NaCI 0.5 °/,, NaHCO, 
0.28 °/, CaCl, 6 aq 0.040 °/,, KCI 0.020 '/,, Pa = 8.6) spontaneous 
contraetions are again observed after five minutes; after 10 minutes 
vagus-effeet occurs at 10 em. coil-distance, after 25 minutes vagus- 
effeet can be observed elearly at a coil-distance of 7 cm. 

So it is elear that after half an hour’s perfusion with a pure 
NaCl solution, the harmful action is still perfectly reversible. 


2%. The influence of NaCl + KCl. 


Now we have tried to find out which ions of the physiological 
solution in this respect caused the balancing effect. It soon appeared 
that the addition of K-ions, to which one has to assign such an 
important effeet in heart-perfusion, have no effect of importance here. 


A concentration of K-ions which can cause the return of the vagus- 
irritability cannot be found. 


3. The influence of NaCl+ KCl-+ CaÜl,.6 ag. 


The vagus-influencee may be re-established by the addition of a 
certain caleinm-concentration to the (in itself insufficient) system of 
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NaCl 0.6°/, + KCI 0.02°,, (Pn=8.6). The following experiments 
give a brief survey of it: 

a. unperfused stomach, vagus-eflect at a distance of 8 cem., after- 
wards NaCl 0.6°/, + KCI 0.02 °/,; after 10 minutes the vagus is 
un-irritable, the stomach is limp. Then NaCl 0.6 °/,, KCl 0.02 °/,; 
CaCl,.6 aq 0.00% °/,; vagus-effeet still fails to appear, stomach 
remains limp, though somewhat less so than when it is perfused 
with a pure NaÜl solution ; 

b. unperfused stomach, vagus-effeet at 7.5 cm., then NaCl 0.6°/,, 
KCI 0.09% °/,; after 15 minutes the stomach is limp, stimulation of 
vagus has no effect. Then NaCl 0.6°/, KCI 0.02 °/,, CaCl,.6 aq 
0.004 °/,. Whereas the effeet of this Ca-concentration on the perfused 
heart is clearly visible, there is no effect whatever on the stomach, 
except a slight tonie contraction. 

ce. Nor could a return of the vagus-irritability be established in 
numerous perfusions, when to the NaCl 0.6°/, + KCl 0.02 °/, was 
added respectively CaCl,.6 aq 0.006*/,, 0.008°/,, 0.010 °/,, ete. But 

d. the addition of 0.015°/, CaCl, .6.aq to NaCl 0.6°/,+ KC10.02°/, 
caused the vagus-irritability to return completely. We must, however, 
stress the fact, that, to obtain this result, one should take special 
precautions. As namely the liquid does not possess at all a buffer- 
system against H-ions, fluctuations of [H'] occur very easily. It is 
necessary that the Pp of this perfusion-liquid should be 8.6 and 
remain constant during the experiment. The use of a rubber tube 
is very dangerous in this experimen!, as it nearly always makes 
the liquid too acid. 

These precautions being taken, one can always demonstrate that 
a coneentration of 0.015 °/, CaCl,.6 aq (and also 0.016 °/,) is able 
to balance the eoncentration of alkali-ions; this concentration corre- 
sponds to a free [Ca”] of about 9 milligrammes per litre. 

It is an interesting fact that exactly the same concentration of 
Ca-ions proved necessary for the preservation of tlıe impermeability 
of the glomerulal membrane for physiological quantities of glucose.') 

e. a concentration of CaCl,.6 aq of 0.020 °/, and higher con- 
centrations are unable to preserve or recall the vagus-irritability ; 
then tonie contraciions of the stomach-wall too disappear again 
completely iu this case. 


4. The influence of a concentration of hydrogen-ions. 


By choosing the total quantity of Ca of the perfusion-liquid in 


1) HAMBURGER and BRINKMANN, l.c. 
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such a manner that a high free [Ca] cannot arise, it is possible to 
investigate the influence of the [H') separately- | 

It appeared already in ihe above-mentioned perfusions with. NaCl 
0,6 °/, KOI 0,02 °/,, CaCl,.6aq 0,015 °/,, that the [H’] must be kept 
within rather narrow limits. 

When a buffer-system exists (NaHCO, +.C0,), the |H’] may vary 
within the limits of this system, as appears from the following 
experimenis: 

a. Perfusion with NaC10,5°/,, NaHCO, 0,28°/,, KC1 0,020°/,, CaCl,. 
6aq 0,015°/,, Pr = 8,6; there are strong spontaneous peristaltie 
movements; vagus-irritability at. a coil-distance of 7.5 cm. Then the 
same liquid but now with CO, passed through until Pa= 17,1; the 
stomach becomes limp in 10 minutes and can no longer be in- 
fluenced by vagus-irritation. 

b. Perfusion with NaCl 0,5°/,, NaHCO, 0,28°/,, KCI 0,02°/,,CaU],. 
6aq 0,015°/,, Pr 8,6; irritability at a distance of 8 cm., spon- 
taneous contraetions. Then Pr 8,3, eonstant irritability at 10 em.’s 
distance; spontaneous contractions of stomach. Then Pu= 7,7; 
irritability at 14 em., spontaneous rapid peristalsis. Then Ps=7,3; 
irritability at 14 em., stomach contracted spastically. Then Pu== 7,1; 
stomach not irritable, spontaneous movements have disappeared. Then 
Pır= 8,6; after 10 minutes’ vagus-stimulation at 8 cm. spontaneous 
movements of stomach. 


This last survey is an example of many similar experiments, from 
which it appears that the slight [H’] fluctuations do not let the 
vagus-irritability disappear but certainly influencs it. 

The actions of the H’ and the Ca’ cannot be separated here, 
because their quantities are directly dependent on each other and 
because in general the colloid-action of the Öa’-ions depends on the 
H-ion-concentration which is present. The balancing effect of Ca’- 
ions can be indicated only with one definite H’-ion-concentration. 

The fact that an alteration of the Ca”-ion-concentration in itself 
induces a variation of the vagus-irritability, is shown by the last 
series of experiments which correspond for the most part to condi- 
tions as they occur physiologically and pathologically. 


5. The influence of the NaHCO,-concentration. 


When the NaHCO,-degree of a liquid is modified systematically, 
the H-ion-concentration remaining constant, one obtains likewise a 
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modifieation of the Ca-ion-concentration, because the [HCO',| and 
[Ca] are inversely proportional to each other, the influence of this 
modification is great, as appears from the following examples: 

a. Perfusion with NaCl 0,6 °’/, KCI 0,02 °/,, CaCl,.6aq. 0,04°/,, 
NaHCO, 0,05 °/,. Pıı =8,6. After 5 minutes the spontaneous con- 
tractions have disappeared and the stomach is contracted spastically : 
no effect of vagüs-irritability is visible. 

b. Perfusion with NaCl 0,6°/,, KCI 0,02 °/,, CaCl,.6 aq 0,04°/,, 
NaHCO, 0,10°/,, Pa = 8,6. After 10 minutes the stomach is eontractiing 
with intense spasms, especially the pylorie part of it. The vagus is 
extremely irritable, at 15 em’s coil-distanee deep waves arise in the 
stomach-wall which last very long and are displaced very slightly ; 
finally we have a very spastically contracted stomach (pylorospasmus). 

c. Perfusion with NaCl 0,5 °/, KCI 0,02 °/,, CaCl,. 6 aq 0,04 °/,, 
NaHCO, 0,15 °/, Pu = 8,6. After 10 minutes the stomach shows 
very slight peristalsis with intense spastie contractions in the pylorie 
part. Vagus-irritability at 12 cm, tonie contractions lasting a very 
long time. 

d. Perfusion with NaCl 0,5 °/, KCl 0,02 °/,, CaQl,. 6.aq. 0,04 °/,, 
NaHCO, 0,20°/,, Pu= 8,6. With this liquid the spontaneous perist- 
altie movements appear again; the vagus isirritable at a coil-distance 
of 9 em. and produces a series of peristaltic movemenis; the spastic 
eontraetions are still present in a slight degree. 

e. Perfusion with NaCl 0,5 °/,, KCI 0,02 °/,, Call,. Gaq. 0,04 °/,, 
NaHCO, 0,28 °/., Pu = 8,6. With tbis liquid the vagus is irritable 
at a coil-distance of 7 cm.; there are normal peristaltic movements 
and no spastie contractions. The conditions are completely like dose 
of the unperfused stomach. 


From these experiments appears clearly the great influence which 
a change in bicarbonate-eoncentration has on. the irritability of the 
n. vagus and on the spontaneons rhythmical movements of the 
stomach-wall. The latter effect is probably also due to the influence 
on the autonomous plexus of AUERBACH. It cannot be decided with 
certainty whether we have to think here especially of a direct 
influence of the HCO,-ions ') or only of the-influence of the. latter 
on the [Ca”], but, in eonneetion with the experiments with pure 
NaCl + CaCl, solutions, the primary significance of the Ca-ions seems 
to us by far the more probable. | 

We atiach some significance to the fact that a decrease of |HCO,’], 


ı) Rona and NEUKIROH: Pflüger’s Archiv. 148, 285, 1912. 
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so an acidose, can cause spastic concentration of the stomach and 
an increased irritability of the n. vagus (vagotony). Whetlher a 
decreased [Ca”] can cause similar phenomena, has not yet been 
investigated by us. 
Physiological Laboratory of the Unwersity. 
of Groningen. 
December 1920. 


Paleontology. — “On the Significance of the Large Oranial Capacity 
of Homo Neandertalensis’. By Prof. Eve. Dusoıs. 


(Communicated at the meeting of November 27, 1920). 


Before the discovery of the fossil man of La Chapelle-aux-Saints 
our knowledge of the most important character of Homo neander- 
talensis, the eranial capacity, rested only on estimation, especially 
from the capacity of ‚the calvaria. SCHAAFFHAUSEN, Huxuky and 
SCHWALBE started from the supposition that the capacity of the 
calvaria of (he Neandertal Man, which is human as regards its size, 
was in the same ratio to that of the whole skull as in Man of the 
present type. It is not surprising, that their results are pretty well 
concordant '). 

First SCHAAFFHAUSEN ?) measured the capacity of the Neandertal 
calvaria with water, on a level with the orbital plate of the frontal 
bone, with the deepest notch in the squamous margin of the parietal, 
and with the superior semieircular ridges of the oeeipital. He found 
for it 1033 em.’, and estimating the capacity of the missing part at 
915 cm.’ from other skulls, he found 1248 cm.’ for the total capa- 
eity of the skull. Later, anew measuring the calvaria with water, 
“mit ihrem oberen Rande horizontal gestellt”, he found 930 cm.’ for 
its capacity, and now for the whole capacity, through comparison 
with the corresponding part and the whole of a “roh gebildeten 
Schädel” of 1305 cm.’ capacity and of a negro skull, only 1093, 
resp. 1099 cm.°). Accepting the first calvaria measurement by 
SCHAAFFHAUSEN, Huxter ’) estimated the capacity of the entire skull 
at about 75 ceubie inches (= 1229 cm.’). SCHWALBE !) measured the 
capacity of the Neandertal calvarıa with peas up to the transversal 


) M. Boute, Sur la capacite cranienne des Hommes fossiles du type de 
Neanderthal. Comptes rendus. Academie des Sciences. Tome 148, p. 1352. Paris 
1909. 
2) SCHAAFFHAUSEN, Zur Kenntniss der ältesten Rassenschädel. Archiv für Ana- 
. tomie, Physiologie und wissenschaftliche Mediein (Johannes Müller). Jahrgang 1858. 
Berlin, p. 455 and p. 464. 

H. SOHAAFFHAUSEN, Der Neanderthaler Fund, p. 43. Bonn 1888. 

5) T.H. Huxrey, Evidence as to Man’s Place in Nature, p. 156 157. London 1863. 

4) &. SCHWALBE, Der Neanderthalschädel. Bonner Jahrbücher, Heft 106, p- 50— 
52. Bonn 1901. ScHwALBE erroneously rejects SCHAAFFHAUSEN’s second deter- 
mination, „weil sie durch Wasserfüllung ermittelt ist”, which would, indeed, also 
be applicable to the first determination. In this procedure errors could be avoided. 
It is not clear what caused SCHAAFFHAUSEN to arrive at so much lower capacity 
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glabella-inion plane, and found, on comparison with the skull of a 
New-Irelander, 1233 em. for the capacity of the entire Neandertal 
skull. His eonfidence in these results was so greal that he stated: 
«An der Thatsache, dass die Capacität des Neanderthalschädels 
nicht mehr als 1230 em.? beträgt, ist jedenfalls nicht zu zweifeln”. 
Yet it has turned out that his conelusion was erroneous. 
SCHAAFFHAUSEN'S measurements dit not refer to parts of the cra- 
nial cavity that could be clearly defined. For this reason I measured 
{he capacity of the. Neandertal calvaria, already in 1897, up to a 
definite plane imaginable in the encephalon, the transversal plane 
through the frontal pole of the hemispherical axis (which plane in 
most human skulls, as also in those of Neandertal and of Spy and 
in Pithecanthropus, corresponds to the boundary of the lowest and 
middle third part of the area of the inferior frontal convolution) and 
the middle of the upper rim of the right suleus transversus of the 
oceipital bone (corresponding to the lower margin of the cerebrum). 
First I then measured the capacity of the calvaria of the Spy-skulls 
at Liege, in the laboratory of my regretted friend JulıEN FRAIPONT; 
the following day at Bonn, in the Provincial-Museum, with the 
permission of the director, Professor J. Kreın, that of the Neandertal- 
calvaria in perfectly the same way, with the same material (rape- 
seed). I found 920 cm’. for the Neandertal-calvaria, almost the same 
capacity aS SCHAAFFHAUSEN found in his second measurement. This 
concordance is probably owing to this that the upper rim of the 
right suleus transversus coincides in its horizontal course with the 
edge of the fracture'‘). Thus I determined the capacity of the cal- 
varia of Spy I at at least 900 cm?., of Spy II at at least.1050 cm®. 
The two latter values can be so only approximately on account of 


the incompleteness and partial reconstruction of the skull walls, 
especially of Spy 1. 


of the fossil skull in his later comparison ; probably because he took other limits 
of the calvaria space in the modern skulls than in the fossil one. 

J. Ranke (Der Mensch. Zweite Auflage. Band II, p 478. Leipzig 1894) estimated 
the capaeity, from the horizontal eircumference and the breadth index according to 
Weıcer’s table, at 1532 cm®, L. ManouvRter („Deuxieme &tude sur le Pithecanthropus’" 
in Bulletin de la Soeiete d’Anthropoiogie de Paris, 4e serie, tome 6, p. 585. Paris 
1895) estimated it at 1500 cm?. by assuming a basio-bregmatic height of 125 mm. 
and a eubic index of 1.25. The latter estimation, in Broca-measure, corresponds 
to a minimum of 1410 em.3 real capacity. Rank& supposes, certainly erroneously 
that ‚the height, independent of the particular shape of the skull, is in the Bi 
relation to the horizontal dimensions as in ordinary human skulls. 


I) Thus noted down at the time of my investigation. The protuberantia occipitalis 
interna, which cannot be sharply defined, lies + 8 mm. higher. 
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In order to compare as much as possible with homologous capa- 
eities of recent men I chose three skulls of Europeans (Dutechmen) 
of different sizes, and a skull of a Javanese, and determined the 
capacities of the upper or calvarial part, to the same level, and of 
the entire skulls, with water, by the halves which had been made 
impermeable and were shut-off by a glass plate. 


151. 1)23- Ds J. 
Cranial capacity 1260 1434 1500 1550 em’ 
Calvarial capacity 884 1000 1070 1150 „ 
Ratio 1.42 1.43 1.40 1.35 mean 1.4. 


Accordingly the calvarial capacities of the examined individuals 
of the Neandertal-Man fall entirely within the range ofthe calvarial 
capaeity (which is as much as possible homologous) of large-brained 
recent races. The total capacity was, therefore, certainly not smaller.”) 
A simian flattened upper part of the skull must have gone together, 
as in the Apes, with a comparatively larger lower part of the skull 
than in the high-vaulted skull of recent Man. 

Aceording to the ratio found in recent Man tbe capacity of the 
(entire) Neandertal-skull would have been 1288 cm’, in concordance 
with the earlier and with Scuwarse’s estimations; that of Spy I 
would at least be 1260, and that of Spy II at least 1470 em’. 

But at the skulls of Apes (Gorilla gorilla, Simia satyrus, Hylobates 
agilis, Semnopithecus entellus, Macacus eynomolgus) I found that 
the ratio of these capacities, which were again as homologous as 
possible and deviated little inter se, is 1.6 on an average. In the - 


») Euc. Dusors, Reinarks upon the Brain-Cast of Pithecanihropus erectus. 
Proceedings of the Fourth International Congress of Zoology. Cambridge 1898. 
p. 85-86. There too with regard to the same investigation made on skulls of 
apes and on the calvaria of Pithecanthropus erectus. The results were in detail 


as follows: 

Pithecantbropus Gorilla Anthropopithecus 2 Simia satyrus 2 
Capacity _ 540 . 356 346 
Calvaria 570 334 255 919 
Ratio — 1.61 1.43 1.58 

4 Semnopithecus Macacus 
Hylobates agilis d’ nn d ee Seen 
114 128 116 17 
73 62 72 48 
1.56 2.06 1.61 1.60 


The measurements of the capaecities with rape-seed yielded average results equal 
to those with water; the values found can in view of this, be considered as the 


true capacities. 


82 
Proceedings Royal Acad. Amsterdam. Vol. XXI. 
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very, flat-headed Siamang it has even risen to 2 (in ne with 
1.56 in Hylobates agilis); in a female Chimpanzee I found on the 
other hand 1.43. 

These last ratios give rise to doubt whether the comparatively 
small capacity of the upper part of the skull (calvaria) and the 
platycephaly are really an indication in general ofa low development 
of the brain; they make it probable that here mechanic factors 
lying outside the brain, which are in connection with the compara- 
tively great size of the jaws or the poise of tlıe head, if they are 
not the only ones, at least preponderate. Actually the jaws of the 
Siamang are comparatively much larger than those of the small 
Hylobatides (the ratio capacity: palatal area was 6.7:1 in Sympha- 
langus syndactylus, 9.5:1 in Hylobates leueisceus); also the female 
Chimpanzee has comparatively small jaws. And undoubtedly the head 
poise of Homo neandertalensis was different from that of Homo sapiens. 

The ratios found in skulls of Apes might have led us to -expect 
that in the platycephalie skulls of the Neandertal type the lower 
part of the skull, hence the whole capacity of the skull-in com- 
parison with the calvaria, was more spacious than in skulls of the 
Homo sapiens type. 

This has actually appeared, after in 1909 Bovnk') with VERNkEAU 
and Rıvet, through direct measurement with millet-seed, had deter- 
mined the (total) skull capacity of the fossil man of La Chapelle- 
Aux-Saints, and had found the considerable amount of 1626 cem® 
Broca-measure, ı1.e. 1530 cm? real capacity ?). 

SCHWALBE?) then concluded from this skull that it would not do 
to caleulate the missing part of the capacity of the Neandertal-skull 
from the comparison with a skull of Homo sapiens, as he had done 
before, and found that the Neandertal type is sbarply distinguished 
from that of Homo sapiens by the much more considerable relative 
height of the lower part of the skull, measured by the perpendicular 
of the basion to the glabella-inion line. He states from photograms 
published by Bouse that the height of the lower part of the skull con- 
stitutes a relatively much larger part of the total height (normal to 
the glabella-inion line) than for instance in Australian skulls. The 
calvarial height of the La Chapelle skull is 89 mm. according to 


!) Comptes rendus. Acad&mie des Sciences, loc. cit. 

®) According to E. Scumipr’s Reductionstabelle für die Broca’sche Schrotmessungen. 
Archiv für Anthropologie. Band 13. Supplement, p. 78. Braunschweig 1882. 

3) G. Schwabe, Kritische Besprechung von Bovıe’s Werk: „L’Homme fossile de 
La Chapelle aux-Saints”’” mit eigenen Untersuchungen. Zeitschrift für Morphologie 
und Anthropologie. Band 16, p. 593 - 594, Fig. 1—3. Stuttgart 1914. 
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his measurement, which I, too, find from BouLr’s figures 24, p. 34 
and 1, Pl. III. The rest of his statements are diffieult io follow; 
this calvarial height is for instance as “Unterschädel” added to an 
“Oberschädel (Kalottenhöhe)” of 130 mm., which yields an (impossible) 
total. height of 212 mm. In reality the basion-bregma height is, 
according to BovLw’s statement‘), 131 mm., from which I find 
135 mm. for the total height, hence 53 mm. for the height of the 
lower part of the skull, or 39.3°/, of the total height, which latter 
result is after all in good agreement with Schwause’s 38.7°/,. He 
gives 12.7°/, height of the lower part of the skull for an Alsatian 
man, 27.6°/, for an Australian. In his figures 1 (Alsatian) and 2 
(Australian) I, however, measure ratios of 24.1 and 21.6°/,. Two 
other Australians have 22.8 and 27.7°/,. The skull of Wadjak I 
gives the ratio 28.6°/,. I find 21.2°/, in a Javanese skull, 25,6°/, in 
a Dutch skull of unknown origin. Schwansn finds 50°/, height of 
the lower skull part for afull-grown chimpanzee, and 55°/, fora Macacus 
nemestrinus. I determined the ratio 46.5°/, in a skull of Hylobates 
agilis, and 60°/, in that of the Siamang, Hylobates (Symphalangns) 
syndactylus. ScuwaLsr caleulates 38.5°/, for the Neandertal skull; 
but on comparison with the total height of 135 of the La Chapelle- 
skull I find with Scuwause’s 80.5 mm. calvarial height of the 
Neandertal ınan, 37°/,. 

In this connection the comparative height of the lower part of 
the skulls of Frisians of old mounds (“terpen”) and of the island 
of Marken in the Zuiderzee, which have been excellently described 
by Bargz, gets particular significance ?). 

In this Baren has proved conelusively, what had already been 


1) L’Homme fossile de la Chapelle-aux-Saints, p. 37. 

s) J. A. J. Barae, Beiträge zur Kenntnis der niederländischen Anthropologie I, 
Friesenschädel. Zeitschrift für Morphologie und Anthropologie. Band 16, p. 829— 
396. Stuttgart 1913. Il. Schädel von der Insel Marken. Ibid., p. 465—521, Stutt- 
gart 1914. With reproductions and tables. — From the island of Marken originates 
also Blumenbach’s '“Batavus genuinus”, at whose forehead ScHAAFFHAUSEN, SPENGEL 
and R. Vırcuow thought they could deteet neandertaloid characteristics. On the 
evidence of the “Batavus genuinus” Run. WaAcneR was even led to pronounce 
the sentence: “Der Neanderthalschädel ist von einem alten Holländer”, with the 
attenuating circumstance : “bis zum Gorilla hat es doch nach entsetzlich weit hin’. 
(H.. ScHAAFFHAUSEN, Der Neanderthaler Fund, p. 21, footnote. Bonn 1888). This 
large Marken skull cannot be called platycephalic, because the calvarial height 
index is’ 54.8 (G. SCHWALBE, Neanderthal Schädel und Friesenschädel. Globus. 
Band 81, p. 173. Braunschweig 1901), which is about equal to the mean of 
Australians and Tasmanians. Also the shape of the forehead should sooner be 
called austroloid. The "height of the lower part of the skull is 19.4 %/, of. its total 
height (measured on Schwauge’s Abbildung 3, p. 172). en i 
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observed by Bork, that the Frisian skulls of the island of Marken, and 
more partieularly the female skulls, have become artificially deformed; 
platycephalic through a particular kind of children’s caps; their calva- 
rial height index is on an average 55.4 (in three female skulls 52.5) 
as against 59.4 in the naturally formed old Frisian skulls from mounds. 

It is very remarkable that also this artificial flattening is accom- 
panied by an increase in height of the lower skull. On 28 of Barg#’s 
median curves of skulls of mound-Frisians the comparative height 
of the lower skull (vertically below the glabella-inion line) can be 
measured; I find the following values for this in percentages of 
the total height of the skull: 25.1, 13.9, 213, 195,,193 182; 
23.0, 23.5, 21.2, 25.2, 21.5, 21:1, 24.0, 25.7, 23.7, 24.7, 24.8, 15.7, 
22.6, 17.7, 12.8, 19.3, 16.5, 21.4, 25.5, 20.0, 24.4, 18.8. The mean 
of these Frisian skulls is 20.8. 

From 9 median curves of Marken skulls I find: 28.4, 28.4, 27.0, 
23.0, 26.0, 26.3, 25.4, 22.9, 21.1. The three first, largest, values 
are of female skulls. The mean of the nine Marken skulls is 25.4, 
of the six male ones(?) alone 24.1, of the three female ones 27.9. 

It thus appears that this artificial platycephaly is attended with 
greater height of the lower skull. This can hardly be imagined in 
another way than that through the pressure from above part of the 
brain mass was forced downward. Therefore to the slight depression. 
of tbe upper part of the skull corresponds a proportionally slıght 
rise of the lower part of the skull; in the skull of La Chapelle- 
aux-Saints to 40.5 calvarial height index 39.3 °/, height of the lower 
part of the skull. 

Now the greater height of the lower part of the skull, below the 
glabella-inion line in skulls of the Neandertal-type and in skulls of 
Apes can certainly partly be accounted for by the relatively high 
situation of the inion. In Spy I I found this point 12 mm., in Spy 
II 14 mm. above the middle of the right suleus transversus, while 
in skulls of the present type the two points lie mostly on the same 
level‘). In the skull of a % chimpanzee the inion lies 23 mm., in 


) J. Framont and M. Lonest (Recherches Ethnographiques sur des ossements 
humains d&couverts dans les depöts quaternaires d’une grotte a Spy. Archives de 
Biologie. Vol VII, p. 622. Gand 1887) say that the protuberantia oceipitalis 
interna “est situee plus bas et en avant & un centimetre de distance environ”. 

K. Gorsanovic—KRAMBERGER (Der diluviale Mensch von Krapina in Kroatien, 
p- 112. Wiesbaden 1906) found the -protuberantia oceipitalis interna „etwa 2 cm. 
“ abwärts vom Torus”, M. Boutk (loc. cit., p- 47) between the same points,‘ “inion 
interne” and “inion externe”, Ihe distance of 24 mm. at.the skull of La Chapelle- 
aux-Saints, and Schwause (loc. eit., p. 50) in the Neandertal-calvaria the external 
inion opposite the internal “nur um ein Geringes verschoben”. 
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that of a 2 orang utan 32 mm., of a d Hylobates agilis and of a 
4 Siamang 5 mm., of a 3 Semnopitheeus entellus 14 mm., and of 
a 3 Macacus eynomologus 18 mm. above the right suleus transversus. 

But in this way the great height of the lower part of the skull 
in the Neaändertal type can only be accounted for for about a third 
part, and there exists a considerable difference in the relative height 
of the lower part of the skull between the two Hylobatides, though 
the inion is situated at the same distance above the sulcus trans- 
versus. It should be pointed out here that the platycephaly of the 
Siamang is by no means to be explained by the greater size of its 
body, for its weight is only the half more than that of the smaller 
Hylobatides. In tbe development of the brain they are certainly all 
about on a line, and yet the skull of the Siamang is in comparison 
with the other Hylobatides as much flattened as that of the Nean- 
dertal Man in comparison with recent Man (Fig. 1 and Fig. 2). 

It may, therefore, be assumed that the homologous lower part of 
the skull in relation to the whole is more capacious in Homo nean- 
dertalensis than in Homo sapiens, not or not chiefly on account of 
- the upper part of the brain being less large in itself, but in con- 
sequence of similar external causes as make the lower part more 
spacious in the platycephalie Siamang than in his smaller relative. 
Also in the skull of the Neandertal Man tlie flattening above must 
have caused part of the brain to be displaced downward.In fact for the 
physiologieal function of the brain the place wbich it oceupies in 
the skull is very indifferent; it is not so with the bone- and 
musele substance at the skull, whose funetion is direetly dependent 
on the place. This leads to the insight that the peculiar shape of 
the skull of the Neandertal type was not determined, at least not 
chiefly, by the comparatively small size and low stage of develop- 
ment of the encephalon, but by external mechanie factors, chiefly 
in eonneetion with the position and poise of the skull on the spinal 
column — which I have referred in my communication of September 
235, 1920 on the «Protoaustralian Fossil Man of Wadjak, Java” — 
just as the platycephaly in the Siamang, in contrast to the other 
Hylobatides, can only be explained by its comparatively large jaws. 

The capaeity of the skull of 1988 em.’ to be caleulated for the 
man of the Neander-valley from the calvaria, in accordance with 
the proportion in the recent human type, must then be much too 
small. According to the ratio which exists in Apes between the 
calvaria and the total capacity of the skull this fossil man would 
have possessed a brain capacity of 1472 em’. Boun') caleulated 


“ ) M. Bours, 1’Homme fossile de La Chapelle-aux-Saints, p- 189. 
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1408 em.* Broca (i.e. 1320: cm.? real capacity) from the comparison 
of the greatest length and breadth and a corresponding height ir 
the endocranial plaster casts of the Neandertal calvaria and the 


Fig. 1. Median cross section of a skull of 
Hylobates agilis. ”/s-natural size. 


Fig. 2. Median cross-section of the skull of Hylobates 
(Symphalangus) syndactylus. ”/s nat. size. 


La Chapelle skull in relation to its capacity. In this the relatively 
more considerable breadth of the Neandertal calvaria in the frontal 
region was not taken into account. Perhaps some measure did not 
exactly correspond. Assuming similarity of form, the capacity as 
computed from the relation of the calvarial heights of these skulls, 
is 1450 cm’. On the strength of these and of the foregoing consi- 
derations it seems to me that an estimation of the capacity of the 
entire Neandertal-skull at 1400 cm?. at least cannot be far from 
the truth. That of Spy I can have been but little smaller, and Spy 
II must, in the same ratio, have reached a true capacity of 1600 
cm’. By the method of the “eubie index” J. FRraıpont had calculated 
for Spy I 1562 cem?. Broca-capacity (which corresponds to 1470 cm?. 
real volume), for Spy II 1723 cm’. Broca (i.e. 1620 cm’. real volume). 
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unexpectedly high results, so much so that he was perplexed (“effraye’) 
by them, and deterred from publishing these values; he communi- 
cated then, however, to BouLs in a letter '). At present these calcul- 
ated. capacities do not seem improbable to us at all; for the more 
highly vaulted skull of Spy II oxceeds the La Chapelle skull only 
by from 70 to 90 cm’. 

Sorzas*) ealculated the capacity of the Gibraltar skull at about 
1960 cm’. from the right half, which had been partly reconstructed, 
and of which he had measured the capacity with millet seed. 
Comparison of the endocranial plaster cast (of this right half of the 
skull) with that of the La Chapelle skull gave Bovrz ’) 1296 cm’. 
Broca (— 1214 cm’. real capacity), and by direct determination of 
the capacity of such a cast Keira ‘) found about 1200 cm’. cranial 
capacity. No great value can be attached to these estimates from 
the very incomplete fossil. More trustworthy is the result obtained 
from the skull of La Quina, whose capacity BouLe‘) put 1367 em’. 
Broca (= 1282 em’. real capacity) from the less incomplete endo- 
cranial plaster cast. | 

The two last-mentioned skulls are generally considered to be 
female, the. other skulls of the Neandertaltype are probably all 
male. As the mean real capacity of the Europeans can be put about 
1450 cm’. for men, and 1300 em?’. for women, the absolute 
capacity of the Neandertal Man appears to have been no less than 
that of Europeans. 

But the relative capacity must certainly have been greater 
then, for Homo neandertalensis was a small type of men. After a 
full diseussion of the length dimensions of the skeleton Boute °) 
. arrives at the estimate of 154 or 155 cm. for the body length of 
the fossil man of La Chapelle-aux-Saints in life, which was probably 
also the mean male length of the species, hence as much as or & 
few centimeters less than those of the smallest present human races, 
except the “pygmies’”, and 14 or 15 em. less than the mean of the 
male Europeans. It is true that the Neandertal Man through his 
compact stature, must have been comparatively heavy, but it is not 
probable that this made him reach the mean body weight of the so 


1) M. BouLs, loc. eit., p- 187. 
8) W. J. Sorras, On the Cranial Characters of the Neandertal Race. Phil. 


Transactions Roy. Society. Series B. Vol. 199, p. 329. London 1908. 
3) M. BoULE. loc. cit., p- 189. 
4) A. KeıtH, Antiquity of Man. (London 1920), p. 124. 
5) M. BoUuLE, loc. eit., P- 189. 
6) Loe. cit., P- 115—118. 
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much taller European; we may, therefore, assume that this brain 
quantity, also caleulatedin relation tothe body- 
weight,exceeded that ofthepresent European. 

This bigh cephalisation of Homo neandertalensis can, in. my 
opinion, be explained by the fact that he was in possession of par- 
tieularly powerful museles, which may be inferred from. the robust 
character of his bones and the comparative shortness of his limbs, 
especially of his legs '). In this respect the Neandertal Man resembles 
the Japanese, the Eskimos, probably also the Chinese and Javanese, 
in general the Mongolian race’). 

Manouvrier®) was the first to point out that the eranial capacity 
of men with thin limbs (as the Hindus and the Australians) is 
comparatively small, of men with “carrure” which are “trapus” 
and “robustes” (mountaineers, Eskimos) comparatively large. Abont 
the “carrure” he says: “Ce facteur me parait avoir une importance 
considerable d’apres mes propres observations. Il est certainement 
plus important que la longueur du corps, et cela s’expliquerait par 
le fait que l’eEnergie motrice des muscles est bien plus en rapport 
avec leur section transversale qu’avec leur longueur”. (p. 686). He 
sees a connection between the great cranial capacity ofthe Eskimos 
and the fact that they are “trapus et actifs”. (p. 219). I lay particular 
stress on the last word. 

Later Marızeka‘) has demonstrated from Prague section reports 
that there exist relations between the brain weight and museularity 
and also the more or less powerful build of the bones. 

These relations of the brain weight and its dependence on the 
build of the body, especially on its breadth, can be much better 
studied now than formerly, by comparison of the human races. 

In the first place it may now be considered as certain that among 
the present human races it is not the Europeans, but the Mongoloids 
that possess the greatest relative quantity of brain. The best data 


\) M. Boute, loc. cil., p. 125—170 and p- 120. 


®) After what precedes it will be self-evident that it is not my intention, to have 
recourse here to the well-worn path of relationship. 


BT. MANOUVRIER, Sur l’interpretation de la quantite dans l’enc&phale. M&moires 
de la Soeciete d’Anthropologie de Paris. 2me serie. Tome 3, p. 217—219. 1885, 
— and under “Cerveau” in Dictionnaire de Physiologie par CHA 

| RLES RıcH 
p. 686687. Paris 1898, ER = 

» H. MATIEGRA, Ueber das Hirngewicht, die Schädelkapacität und die Kopfform, 
sowie, deren Beziehungen zur psychischen Tätigkeit des Menschen. Sitzungsberichte 
der Kön. böhmischen Gesellschafft der Wissenschaften. Mathem.-Naturw. Classe. 
Jahrgang 1902. XX, p. 13—14 and 44. Prague 1903. 
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about the latter refer to the Japanese. They were supplied by Tasuchr’s') 
researches referring to no less tran 421 male and 176 female Japanese, 
of whom most had died in the hospitals. The mean brain weight of 
374 adult men was 1367 grams, of 150 adult women 1214 grams. 
These are quantilies that pretty closely agree with the means of the 
Europeans obtained in the same way. But on an average tlıe body 
weight of the Japanese men is 8 kg., their length 10 cm. less, and the 
Japanese women are on an average 7 kg. lighter and 10 cm. shorter?). 

Accordingly these East-Asiaties have more brain-weight than the 
Europeans, both per em. body length and in proportion to the body 
weight. Still greater is the difference with regard to the muscle 
length, with which, strietly speaking, the brain quantity can be 
better compared than with the body length. The Japanese are bnilt 
more compactly; their arms, and especially their legs, are shorter 
in proportion to the trunk and exceedingly muscular, to the great 
strength of the museles corresponds their considerable eross-section, 
and also the robust build of-the long bones is in connection with 
this. In proportion to the muscle length the brain-mass is, therefore, 
still considerably greater ihan in proportion to the body. length; 
the brain-mass is evidently proportional to ihe eross-section of the 
museles. Kasvcuı showed that, later than in Europeans, this great 
brain quantity of the Japanese is not acquired until after childhood 
and first youth, and according to Baeız the Japanese are later full- 
grown in body-length and weight. Hence the large relative brain 
quantity and the greater musceular power of the Japanese is certainly 
not owing to a greater number of the neurones and of the muscle 
fihers, but to larger separate cross-sections of these, larger 
separate volume of those. 

Still somewhat shorter tban the Japanese are the Eskimos, and 
also still broader and more compaectly built, still shorter of limbs, 
especially of legs, and more museular. Judging by the few deter- 
minations of their brain weight, which we owe to the determinations 
of CHvupzınskı, Hrprıcka, Spirzka °), this mean is certainly no less 


1) E. A. Spıtzka, The Brain-Weight of the Japanese. Science. New Series, 
Vol. 18, p. 371—873. Philadelphia 1903. 

2) E. Baeız, Die körperlichen Eigenschaften der Japaner. Mittheilungen der 
deutschen Gesellschaft für Natur- und Völkerkunde Ostasiens. Erster Teil. Band III 
(1880— 1884), p. 330—359. Berlin und Yokohama. — Zweiter Teil. Band IV 
(1884-1888), p. 35— 103). Higher weights and greater body lengths do not refer 
to means for the whole people, but for definite classes or selected individuals. 

3) E. A. Spırzka in American Journal of Anatomy. Baltimore. Vol. II (1902— 
1903), p. 26—31. "Three male brains of an average‘ weight of 1457 grams 
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high, probably higher than in the Japanese. From the many available 
determinations of the eranial capacity, which, however, mostly refer in- 
differently to male and female skulls, the same statement may be deduced. 

The brain-weights of the Chinese which are out of proportion 
high to the length of the body, have been very striking in each 
of the few determinations that‘ could be made, and it was 
ascertained many times that ihe mean cranial capacity is great. ') 

KonnBrusge ’) showed that also the Javanese, whose large cranial 
capacity was already known, belong to the peoples with relatively 
high brain weight. In this respect, too, they may be placed side by 
side with the other mongoloids mentioned. 

In the Australians, Negroes, Hindus on the other hand, a slender 
figure, with long and thin legs and arms, is accompanied with a 
brain weight which is low in proportion to the body length, and 
small eranial capacity. 

Comparison of the Neandertal Man with these present human races 
renders it exceedingly probable, that also in him the great brain- 
quantity was in relation with the thickset, strongly built body and 
the short limbs, hence with great muscular force. We are particu- 
larly justified in this assumption, because such a relation is frequently 
met with in Mammals. 

Thus the Bears are distinguished from the other land-Carnivora 
by their heavy, massive shape, and thick limbs, which are short in 
proportion to the body, and with which they can exert a tremen- 
dous force. The long bones of the limbs in the Bears are thieker 
with respect to their length, in part somewhat prismatically shaped, 
and the surfaces of attachment of the muscles still more developed 
in cristae and apophyses, — ina similar way as in the Neandertal Man. 


(1398— 1503), two female brains of an average weight of 1242 grams (1227 — 
1256). Also body lengths. 

!) CROCHLEY—ÜCLAPHAM: eleven male brains of an average weight of 1430 
grams (1310—1587), cited in P. ToPınarn’s, El&ments d’Anthropologie generale, 
p. 571. (1885). — Kurz in Zeitschrift für Morphologie und Anthropologie, Bd. 16. 
(1913), p. 284: of a man of a body weight of 160 cm., 1454 grams; ofa woman, 
155 cm. long, 1200 grams. 

®) J. H. F. KoHLBRUGGE, Die Gehirnfurchen der Javanen. Verhandelingen der 
Kon. Akademie van Wetenschappen te Amsterdam. 2de Sectie, Deel 12, NO, 4 
(1906), p. 13. The mean weight of 16 adult male brains (of the 19 determinations 
I exclude one of exceptionally high, and one of exceptionally low weight, and one 
of a child of seven years old) was 1301 grams (the extremes were 1101 and 
1458). This is a high brain weight with 50.27 kg. (living) body weight, which 
is probably not reached by European men of equal living body weight. (Compare: 
Euc. Dusoıs, Ueber die Abhängigkeit des Hirngewichtes von der Körpergrösse 
beim Menschen. Archiv für Anthropologie. Band 25, p. 432. Braunschweig 1898). 


1283 


Aceording to the data about brain weight and body weight of 
Bears, supplied by Max Weser, Ar. Hrpuicka, W. T. Branrorp and 
others, and capacity determinations of my own, the cephalisation 
of Ursus aretos, horribilis, tibetanus, and maritimus may be indicated 
about by 0.5, i.e. one and a half times as high as of Felides (0.33), 
and Canides (0.37), which ‘means that in this ratio a Bear species 
in the adult state with equal body weight, exceeds a Cat- or a 
Dog species. 


Fig. 3. Skeleton of the man of La Chapelle-aux-Saints 
by the side of that of an Australian. (From BouLr). !) 


As regards their brain quantity the said Ursides are on a line with 
the Monkey genus Semnopithecus, but Ursus malayanus is even 
equal with the Anthropoid Apes. I see in this a very striking proof 
of the truth of the conception that the quantity of the brain is 
determined by the funetional mechanism. 


1, L’Homme fossile de la Chapelle-aux-Saints, Fig. 99 (p- 932), Fig. 100 (p. 233). 
Paris 1913. 
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The Malay Bear or B’ruwang is of eomparatively small build, 
and has still disproportionally shorter, at the same time still more 
musenlar limbs than the other Bears. He uses his out of proportion 
enormous claws as dexterousiy as powerfully. Considering the size 
of his body he is by far the strongest of his race; he is also the 
best elimber and the swiftest runner.: As regards motor mechanism 
he may be called the most perfect of the Bears. 

His very marked macrocephaly results from the very considerable 
size of the encephalon, which also manifests itself in the brain- 
weight and cranial capacity. 

Weser') determined the body weight of a male Beruwang of 
114 em. body length (from nose to rump), which had died in the 
Amsterdam Zoological gardens, and was probably much too light, 
at 20 kilograms, the brain weight at 325 grams. Hrprıcka°) found 
for the brain weight of a female specimen from the Washington 
Zoological Park, weiglhing 45.02 kilograms, 385.5 grams. According 
to records by BLANnFoRD°?) the weight of a female bear of Borneo 
was 60 Ibs. or 27.215 kilograms, with 36 inches or 91.5 cm. body 
length (from nose to rump). The male body length is averagely 4 
feet or 122 cm., and probably never becomes greater than 4'/, feet 
or 137 cm. . 

l have been able to measure the capacity of five adult skulls 
from the Museum of Natural History at Leiden, placed kindly at 
my disposal for this purpose by the director Prof. E. D. van Oorr: 

N’. 1. (“b. Sumatra-Reinwardt”). Male skull. Basal (basion-inion) 
length (Flower) 214 mm. Greatest breadth, across the zygomatie 
arches, 190 mm. Middle-aged from the degree of wear of the teeth. 
[BLANFORD measured at a “very old and large. skull’’ 8.5 inches 
basal length or 216 mm., and 8.3 inches or 211 mm. breadth]. 
Capacity (measured with mustard seed)*‘) 373 em?. 

N’. 2. (“f. Borneo). Male skull. Middle age. Basal length 214 mm. 
Greatest breadth 188 mm. Capacity 355 cm’. 

N’. 3. (“e. Borneo. S. Müller 1827”). Female skull. Middle age, 


Basal length #187 mm. Greatest breadth, across the zygomata, 
163 mm. Capacity 325 cem?. 


\) Max WEBER, Vorstudien über das Hirngewicht der Säugethiere, (Festschrift 
für CARL GEGENBAUR), p. 113. Leipzig 1896. 


’ Ar. Hrpuicka, Brain Weight in Vertebrates. Smithsonian Miscellaneous Col- 
lections. Vol. 48, p. 94. Washingtön 1905. 


3) W. T. BLANFORD. Mammalia. The Fauna of British India including Ceylon 
and Burma, p. 199. London 189], 


4) With shot, by Broca’s method, I get 380 em3. Such a ratio applies also to 
the following measureinents, which have all been made with mustard seed. 
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N’. 4. (“a. Borneo. Reinwardt”). Female skeleton. Basal. length 
of skull 169 mm. Breadth across the zygomata 150 mm. Length of 
the skeleton from alveolar point to caudal basis 89 cm. (measured 
along the back). Somewhat below middle age, the cranial sutures 
only commeneing to obliterate. Capacity 278 cm’. 

N°. 5. (“907”). Balik Papan, Borneo. Female skull.. With skeleton, 
allowing to measure the length of the skeleton (along the back) 
from alvesolar point to caudal basis, 109 cm. Full-grown and middle- 
aged, according to skeleton and skull. Basal length 199 mm. Breadth 
across (he zygomata 167 mm. Capacity 321 cm’.'). 

I determined the cranial capacity of a young female beruwang, 
whose teeth, with the exception of the canini, had all erupted, and 
which weighed 12 kilograms according to my estimation, ‚when 
kept in captivity in its native country at Bua in Sumatra for some 
time, at 305 cm’. 

l find 325 cm? for the capacity of a large male tiger, killed there, 
the same value as for that of the female bear N°. 3 from Borneo, 
with probably four times greater body weight. The skull of a female 
orang utan of this island has a capacity of 380 cm’. The animal 
probably weighed as much as a large Bornean bear with the same 
cranial capacity. 

With these data about brain weights and body weights, and 
longitudinal dimensions of body and skeleton, determined directly, 
and with the brain weights caleulated by means of Coxrnkvin’s 
comparisons’) I find that the cephalisation-eoefheient of Ursus 
malayanus may be put at least at 0.75, equal with that of the 
Anthropoid Apes. 

The relation between the museular power (which is determined 
by the cross-section of the museles) and the rapidity of motion 
which depends on it, and the quantity of brain manifests itself in 
a very striking way in American Monkeys. The Howlers (Mycetes) 
‚bave ınuch less brains in proportion to the size of their bodies than 


1) No.4 and 5 were not mentioned in the Dutch version of this communication. 
Accordingly the coefficient of cephalisation of Ursus malayanus found here is 
somewhat different from that in the Verslagen. 

9) Cu. Cornevın, Examen compar& de la capacite cranienne dans les diverses 
races des espöces domestiques. Journal de Medeeine veterinaire et de Zootechnie 
publie al’Ecole deLyon, 3me Serie, Tome14, p.8-31 and Etude sur le poids de l’enc&phale 
dans les diverses races des especes domestiques. p. 248—262. — From his 
recorded values I calculate 88 °/, brain weight for capacities of a mean of 650, 
and 93°%/, brain weight for an average capacity of 100 and less, say 91 °/, for 
tie capacities mentioned above. 
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the species Cebus and Ateles living in the «same country. FToweR ') 
determined the brain weight of an exceedingly emaciated old male 
Mycetes senieulus, which had died in the London Zoologieal Gardens, 
at 48 grams (740 grains), the body weight at 3444.5 grams (9 Ibs. 
9'/, ozs. avoirdupois). SPiTzKA °) found the brain weight of .a 
female Mycetes ursinus (which species is somewhat larger) to be 
54 grams, Lecns °) found 63 cm’. for the cranial capacity of Mycetes 
ursinus in an adult male, and 54 cm’. in an adult female specimen. 
The body weight was only known of atrophical zoological garden 
individuals. From Surinam I received the skull and other parts of 
the skeleton of a male Mycetes seniculus, killed in the natural 
state, which weighed 6750 grams, though judging from the condition 
of the skeleton, it was only almost full-grown. The eranial capa- 
city is 54 cm?., from which a brain weight of 50 grams can be 
caleulated ‘and a cephalisation-coefficient 0.37, about the same as 
that of Macacus eynomolgns. For the entirely full-grown state a 
still somewhat lower value would certainly have been found ‘). 

The Howling Monkeys, now, are described as being, in their free 
state, exceedingly indolent animals, which remain very much at the 
place where they are. All their movements are slow, almost creeping; 
they never play with each other, climb deliberately, and never 
jump far — in sharp contrast to tbe lively, rapid movements, the 
leaps and swings of the agile rovers of the genera of Cebus and 
Ateles. The cephalisation coefficient of these is more than three 
times as great as that of Mycetes. 

Here, therefore, the same contrast as between swift and slow 
species of Reptiles and Amphibians. Thus Hyla arborea has double 
the cephalisation of Rana fusca. And as it is demonstrated ‘there 
(e.g. between Phrynosoma and Sceloporus) it may be assumed here 
that the nerve, fibers (and the muscle fibers) are thicker, the neurones 
more voluminous in the more vigorous and quicker species °). 


‘) W. H. FLower, On the Brain of the Ked Howling Monkey (Mycetes seniculus ° 
Linn.) Proceed. Zool. Soc. London. 1864, p. 335—338. 

?) E. A. Spırzka, Brain-Weights of Animals with Special Reference to the Weight 
of the Brain in the Macaque Monkey. Journal of Comparative Neurology. Vol. 13, 
p- 13, Philadelphia 1903. ’ 

3) W. LECHE, Ueber Beziehungen zwischen Gehirn und Schädel bei den Affen. 
Zoologische Jahrbücher. (Spencer). Supplement XV, Band 2, p. 17. Jena 1912. 

*) What is urgently required is more data of body weights in the 
free state. Especially nimble animals get much lighter in captivity; the 
brain weights change less, and can also be caleulated pretty accurately from 
the eranial capacity. ; 


5) Euc. Dusoıs, “The Significance of the Size of the Neurone and its Parts.“ 
These Proceedings, Vol. XX1, No. 5, pe 
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A contrast of the same nature, but not so great, exists between 
the Orang utan and the Chimpanzee. The slow, clumsy, deliberate 
movements, without jumps, of the Malay anthropoid are indeed 
sharply distinguished from the mode of moving of his African rela- 
tion, the Chimpanzee, which is an excellent elimber, swings over 
large distances from one branch to another, and jumps with wonder- 
ful agility. But though the body weight of the Orang utan is cer- 
tainly a third greater than that of the Chimpanzee, the brain weight 
of the two species is the same in the females, in the males that of 
the Orang utan is only little more. 

SELENKA'!) determined the mean capacity in the sexes of the Orang 
utan at 455 and 390 cm’., and of the OChimpanzee at 420 and 390 cm’. 
To him in the Anthropoids “Muskelmasse und Hirngrösse”” seem 
“daher in direkter Beziehung zu stehen’’, because the “rein geistigen 
Fähigkeiten wohl als nahezu gleich angenommen werden dürfen.” 
It also strikes him that in Orang utan “Skelet und Muskulatur des 
Männchens” are “ausserordentlich viel stärker als die des Weibchens.”’ 
It is now remarkable that according to Fıck’s’) research the total 
muscle weight in reference {io the body weight is much less, the 
fat percentage on the other hand, greater in Orang utan than in Man. 
We meet here with the same difference in the composition of the 
body weight as between woman and man, and here too we see this 
accompanied on one side by a brain weight low in comparison with 
the body weight; for we may assume that the Chimpanzee, like 
most other Apes, is more muscular than the Orang utan.*) 

Among the American Monkeys, Saimiri (Chrysothrix) is further 
much quicker and nimbler in its movements than Leontocebus 
(Midas) and .Callithrix (Hapale); accordingly its cephalisation coeffi- 
cient is considerably higher. 

In conelusion attention may still be drawn in this connection to 
the high cephalisation of the Seals and to the considerably higher 
cephalisation of the Toothed Whales than that of the Whalebone 
Whales. For Balaenoptera musculus I caleulated the coeflicient 0.384 °). 


!) EMıL SELENKA, Menschenaffen. Zweite Lieferung, p. 99—100. Wiesbaden 1399. 

2) R. Fıck, Vergleichend anatomische Studien an einem erwachsenen Orang- 
Utang. Archiv für Anatomie und Entwickelungsgeschichte. (W. Hıs). Leipzig. 
Jahrgang 1895, p. 68—69 and p. 73. The examined specimen was a male Orang utan. 

s) EuG. Dusoıs, Comparison of the Brain Weight in Function of the Body- 
Weight, between the Two Sexes. These Proc. Vol. XXI, No. 6 and 7, p. 850 
seg. 1918. — H. WELCckER (loc. eit. p. 41) found the relative muscle weight 
of a male “Inuus cynomolgus” greater than the mean of the male in Man. 

4) The Significance of the Size of the Neurone and its Parts. These Proc. Vol. 
XXI, No. 5, p. 724. 
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Through aceurate determination WEBER ‘) found 1886 grams for the 
brain weight of a fullgrown female specimen of Tursiops tursio, a 
toothed whale of the Delphinidae family, the body weight being 
439 times as much. From this the cephalisation-coeffieient 0,981 
can be ealeulated. The Odontocetes, among them especially the 
Delphinidae, swim with extraordinary dexterity and swiftness, faster 
than the fastest steamer, they even swim round a steamer at full 
speed; the Mysticetes, on the contrary, cannot reach the speed of 
an ordinary steamer. In connection with this the dorsal muscles of 
the former are much more powerful, which is to be seen by tlıe 
great thickness of the back part of the body. 

Thus the muscle apparatus of Homo neandertalensis was also 
stronger than that of Homo sapiens, and among the races of modern 
Man the Mongoloids possess the most powerful muscle apparatus. 
In agreement with this Homo neandertalensis and the Mongoloids 
possess also the relatively largest encephalon. 


log, eit,, p. 113. The body weight with the brainratio 1:432is815kg. The 
value 378 is given, evidently a misprint. 


Botany. — “On the influence of eircumstances of culture on the 
habitus and partial sterility of the pollengrains of Hyacinthus 
orientalis”. By Dr. W. E. pe Mor. (Communicated by Prof. 
A. H. BLaauw.) 


(Communicated at the meeting of February 26, 1921). 
I. Introduction. 


When, in the spring of 1919, it had become evident to me 
that the nuclei of the single-flowered, rose-coloured hyacinth-variety 
Nimrod possessed 19 elıromosomes'), I thought it advisable to examine 
the fertility of the pollen and to compare it with that of the Dutch 
varieties with 24 chromosomes in the somatie cells, which number 
I at that time still considered as diploid. I chose for that purpose 
the closed anthers, taken from growing Nimrod-plants that belonged 
(o the same grower as those of which I had fixed the root-tops in 
behalf of my chromosome-examination. To my surprise the pollen- 
grains in these anthers differed greatly from the aspect which hya- 
einth-pollen had always shown to me. I did not find one normal 
fertile grain. The sterile pollengrains were elliptic, round or tri- 
angular in shape and had various dimensions. The wartlike protu- 
berances on the exine, which in normal cases cause the pollengrains, 
when plunged into a drop of some liquid, to stick together to some 
extent, were undeveloped, so that the pollen dispersed very easily. 
Apart from these sterile pollengrains, there appeared in the prepa- 
rations many that were much larger and globe-shaped, and were 
full ot large starehgrains. If the pollen was put into a diluted 
solution of jodine in jedide of potassium, one saw at once the 
abnormal pollengrains Iying like intensely blue-black globes among 
the yellow, shrivelled exines of the sterile pollengrains. In a drop 
of water the exine usually burst rather soon and the starchgrains 


1) Over het optreden van heteroploide Hollandsche varieteiten van Hyacınthus 
orientalis L. en de chromosomengarnituur van deze plantensoort. 

Verslagen van de Koninklijke Akademie van Wetenschappen te Amsterdam, Wis- 
en Natuurkundige Afdeeling, Deel XXIX, p. 518. 

Nieuwe banen voor het winnen van waardevolle varieteiten van bolgewassen, 


.19. 
: 83 


Proceedings Royal Acad. Amsterdam. Vol XXI. 
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then floated loose in the preparation causing a bluish spine when 
the light fell through it. There appeared to be starchgrains among 
them, reaching the size of a small sterile pollengrain. 

But moreover, numerous_ elliptie pollengrains oceurred that had 
germinated, not with a normal pollen-tube however, but with a 
tube that had rather the shape of a bubble. This bubble was 
sometimes smaller than the pollengrain itself, but often it was mneh 
larger. It contained 2, 3, 4, 5 or more globe-shaped nuelei. 

The elosed anthers were slightly shrivelled, and the violet antho- 
eyanin in their walls was slightly discoloured. 

This observation stimulated me to try and find out whether in 
literature any mention was made of phenomena like those observed 
by me. I then, indeed, found that NEMEc (1898) had already observed 
the same thing, also in tlie hyaeinth. He however, had discovered it 
in the partly petaloid anthers of a varieiy with double flowers. The 
anthers were taken by him from young closed flower-buds, fixed, 
bedded in paraffine, eoloured, and made into mierotome-series. He 
also found the small sterile pollengrains without reservesubstance, and 
the large, globe-shaped ones full of starchgrains. And here, too, 
many pollengrains had developed in the closed anthers pollen-tubes 
that often looked like large bubbles. He sometimes saw 8 nuclei 
in them. 

NEmec supposed these deviations to be the consequence of the anthers 
being petaloid from the fact ihat I found them in the anthers of a 
single-flowered variety, one could infer that they were due to other 
causes than the flowers being double. I therefore thought the phenomenon 
was to be ascribed either to the peculiar bastardlike nature, of the 
variety Nimrod — as the latter is supposed to be a product of 
eross-fertilization between a French and a Dutch variety! — or to 
the oceurrence of the deviating number of cehromosomes in the 
somatie cells. K 

I now resolved to examine the pollen of a large number of varieties 
Carefully 1 considered in what way this examination was to be 
performed, in order to derive the most favourable results from it. In the 
month of April and May 1919 I managed to perform it at Lisse, the 
centre of the Dutch hyaeinth-eultures, in the following way. I chose 
varieties with the most diverging shapes, dimensions and flowering- 
times, double-flowered as well as single-flowered ones. Moreover I 
collected several times many racemes of one and the same variety, 
eultivated by different growers under greatly diverging circumstances. 
In this Yale I was able to come to palpable results. One of these 
results, in my eys the most important, may be mentioned here. 
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II. On the occurrence of pollengrains with 3 and more nuclei. 


SCHÜRHOFF (1919) has drawn our attention to the fact that among 
Monocotyledons as well as Dicoiyledons pollenerains with 3 nuelei 
—1 vegatative and 2 generative -- occurs before the germination. He 
wonders whether this early division of the male sexual nueleus has 
a biological or a systematical importance and coneludes on p.' 147, 
after giving a general. view of the orders of plants where pollen- 
grains with 3 nuclei have been noticed: “Es ergibt sich also aus 
dieser Aufstellung, dass dem Vorkommen von dreikernigen Pollen- 
körnern keine besondere systematische Bedeutung zukommt. Eine 
derartige Bedeutung liesze sich zur Not für die Monokotylen kon- 
struieren, da bei den ersten Ordnungen das Vorkommen dreikeriiger 
Pollenkörner die Regel bildet, während sie bei den letzten Ordnun- 
gen der Monokotylen fehlen”. Of the Monocotyledons, according to 
him, the Helobiae, the Glumiflorae and part of the Spadiciflorae 
are characterized by pollengrains with 3 nuclei. The orders of the 
Enantioblastae, the Lilüflorae, the Sceitamineae and the Gynandrae, 
with the exception of the Juncaceae and other isolated cases, do not 
possess them. 

If we examine more ciosely some cases of the Monocotyledons, 
we notice that ErLFvInG saw, as early as 1878, 3 kernels in the 
pollengrains of Andropogon campestris, and that StrasBurGEer (1884) 
saw that in many cases the generative nucleus was divided in the 
pollengrain. Gorinsky (1893) found 2 sperm-nuclei in the pollen- 
grains of Triticum, SCHAFFNER (1897) in Sagittaria variabilis. “The 
division of the generative nucleus before pollination”, he says on 
p. 254, “seems to be quite common in monocotyledons, and it is 
probable that this condition will be found to be the rule rather than 
the exception in this group’. According to the researches of CnAn- 
BERLAIN (1897) the generative nucleus of Zihum aurantiacum and of 
Lilium tigrinum was divided in the pollengrain, “a condition not 
uneommon, in monoeotyledons’”, he says. In 2 cases he also observed 
in Likum aurantiacum, that the. divisions went still further, so that 
3 generative nuclei were present. In Zilium Plüladelphicum the 
early division of the generative nucleus oceured seldom. In Zilium 
martagon it is perhaps out of the question. GvienarD (1891) at leası 
notices that the generative nucleus is here only divided in the pollen- 
tube. The vegetative nucleus is never divided. In 1899 this naturalist 
saw 3 nuclei in the pollengrains of Najas major. Wıreanp (1899) 
observed 2 generative nuclei in Potamageton ‚foliosus Raf. and 
gives an enumeration of the cases at that time re = Mono- 
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cotyledons. MÜürBECcK (1902) observed 3 nuclei, J vegetative and 2 
generative in Ruppia rostellata Koch. SCHÜRHOFF (1919) describes 
explieitly the mechanism of division in the generative nucleus of 
Sagittaria sagittifolia. 

In germinated pollengrains of Monocotyledons more than 2 gene- 
rative nuclei have sometimes been observed. Thus STRASBURGER 
(1884) saw 4 of them in the pollen-tubes of Ornithogalum and of 
Seilla. Trans (1901). caused ripe pollengrains of Seilla sibrica to 
germinate in a 5°/, solution of cane-sugar and says: “ausnahmsweise 
wurden in einem gekeimten Pollenkorn 5 Kerne beobachtet’. 

In hyaeinch-varieties, t00, one may observe under .partieular eir- 
eumstances, that they contain pollengrains with 2 generative nuclei. 
I föund them i.a. in the single-flowered white variety La Neige. 
The vegetative nucleus was large and round. The exine of the pollen- 
grains was very transparent here, tlıe wartlike protuberences were 
almost entirely absent. This made it possible to observe the nuclei 
closely, without having to colour them green first in a drop of 
methylgreen acid of vinegar. Not nearly all pollengrains possessed 2 
generative nuclei. That I asceribe the early division of the genera- 
tive nucleus to external eircumstances, may appear later on. 


III. Further partieulars concerning the occurrence 
of pollengrains with several nuclei ın 


Dutch hyacinth-varieties. 


By way of introduetion I mentioned that I found pollengrains 
with several nuclei in the variety Nimrod. When composing my 
extensive tables, I indieated not only the percentage of sterility, but 
also the origin of the racemes, the latter by indicating each parti- 
cular category with a capital. Moreover I nearly always gave, with 
each numeration a short description of the habitus of the pollengrains. 
In this contribution I think it suffieient to take out of the tables in 
question those varieties in which 1 found in the closed anthers pollen- 
grains, germinated with abnormal pollen-tubes, in which lay several 
nuclei. At the same time I mention the other numerations, bearing 
on the same varieties, but in which no pollengrains with abnormal 
Fubes were found. Because NEmEc (1898), as I said before, observed 
before me in the pollen of double-flowered hyacinths the same phe- 
eo. shall henceforth indicate it, in his honour, by the name: 
“Nemec’s phenomenon”. In so far-as |] have fixed the number of 
chromosomes of the varieties named below, I shall mention this. 


1293 


A. Single-flowered varieties. 


Charles Dickens, single-flowered red. 

1. The upper flowers of the raceme are much smaller than the 
others and have green points at ihe lobes of the corolla. The pollen 
of these flowers show N£mec’s phenomenon. The pollengrains in the 
lower flowers of the raceme are normally formed, 21°/, are sterile. 
The pollen of the upper flowers disperse at once in a drop of water; 
of the lower flowers it sticks together. 

2. All flowers contain normal pollengrains, 27°/, of which are 
sterile. The pollen sticks together. 

General Pelissier, single-flowered red, 16 @hromosomes. 

1. The upper flowers of the raceme, are small and green coloured, 
show NEMEc’s phenomenon. The other flowers contain normal pollen, 
14°/, of which is sterile. 

2. Ibid. The stickiness of the pollen is as in Charles Dickens. 

3. The sterility amounts to 6°),. 

Lady Derby, single-flowered red, 24 chromosomes. 

1. The pollen in all flowers of different racemes gives the same 
impression. The flowerbuds are still quite green and closed. The 
pollengrains do not stick together. Only a few sterile grains are 
present. They at once swell very strongly. In most of the pollen- 
grains many siarchgrains are present, which are often very large. 
There oceur pollengrains showing NEMmEc’s phenomenon. The various 
nuclei are clearly visible. 

2. The pollengrains only swell after a long time; 4°/, are sterile. 

3. The sterility is 34 °/.. 

4. The racemes originate from water-cultures: the sterility is 6°/,. 

5. The pollen is sterile for 4°/,. ö 

Moreno, single-flowered red. 

1. The anthers are shrivelled and discoloured and contain very 
few pollengrains. These do not swell in water. They have a turbid 
content. Further there are large globe-shaped pollengrains present 
which soon burst. The preparation is then full of loose starchgrains. 
Several normally formed pollengrains show Nemzc’s phenomenon. 
In some normal non-swelling pollengrains 2 globe-shaped nuclei of 
equal size are clearly visible. I do not find one normal fertile grain. 
Some starchgrains are as large as a small pollengrain. 

%. The colour of the flower is orange-red. The dark streak that 
runs over the middle of the lobes of the corolla is elearly outlined. 
The sterility is 24°/,. 

3. The colour of the fiower is rose-red. The dark streak is dimly 
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outlined. The sterility amounts to 40°/,. (The bulbs of these flowers 
and those of the former had been subjected to high temperafures). 

4. The pollengrains stick together. They swell very soon; 112, are 
sterile. | 

5. Like 4, but 15°/, are sterile. 

6. The’ pollengrains are taken from the flowers of bulbs tbat have 
not been planted. The flowers lay shrivelled up in the bulb. The 
pollengrains are slightly smaller than usual for the rest they look 
quite normal; 13°/, are sterile. 

7. The pollengrains are taken from a budvariety-in-colour of 
Moreno. The colour of the flower has become dark red from rose- 
red; 59°/, of the pollengrains were sterile in the only raceme I had 
at my disposal. 

8. The pollen is not sticky, the sterile pollengrains are ellipsoidical, 
triangular or globe-shaped;, the sterility is 40"/,. 

9. The sterility is 8°/,. 

10. The sterility. is 35°/,- 

Ninrod, single-flowered red, 19 chromosomes. 

1. The anthers are shrivelled and give the same impression 88 
those of the variety Moreno of the same grower (cf. 1). The pollen 
does not stick together. 1 do not find one fertile grain. The sterile 
ones are elleptiec, round or triangular. 

9%. The flowers are taken from a lot that blooms very early. The 
anthers are badly developed. The pollen shows beautifully Nemec’s 
phienomenon. 

3. The flowers are taken from a lot that blooms late, coming 
from the same grower as those under 2. They are not yet open. 
The pollen shows, as in 2, NEmec’s phenomenon. 

4. All pollengrains, fertile as well as sterile, are normally formed; 
26°/, are sterile. 

5. The flowers are taken from a lot that blooms early. The bulbs 
have been planted medio October, and on April 4! 1919, the date 
when I cut the racemes, they have long roots. The anthers are 
normally formed, not shrivelled. The pollengrains at once swell in | 
water, but they are sticky. Among the fertily pollengrains these are 
some that contain a more or less wide zone of water round a 
rounded mass of protoplasm. Some pollengrains have developed a 
short, wide pollen-tube; 36°/, are sterile. 

6. The flowers are taken from a late-flowering lot of the same 
grower. The bulbs were planted on November 7!, and on April 5'h 
the gemma- rises only 2 cm. above the ground. The roots of the 
bulbs are still very short. The sterile pollengrains are all ellipsoidieal, 
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not triangular. Some fertile pollengrains of a normal size contain 
starehgrains. I find some large globe-shaped pollengrains, full of 
starchgrains; 29°/, are sterile. I perform many more enumerations 
in pollen of flowers from other racemes, out of this same lot. I 
always find the same phenomenon and a sterility, from 29 to 30°/.. 

As 10,6, 

8. The pollen is not sticky. The nuclei are clearly visible. The 
sterile pollengrains are all ellipsoidical. In the preparations float 
some starchgrains, 66°/, are sterile. 

City of Haarlem, single-flowered yellow, 23 chromosomes. 

1. The pollen is not sticky. The anthers are large and normally 
developed, but they contain hardly any pollengrains. The few there 
are, nearly all have abnormal pollen-tubes witlı several nuclei or 
they are large, globe-shaped and filled with starchgrains. lexamine 
several racemes. Always the phenomenon is the same. 

King of the Yellows, single-flowered yellow. 

1. I examine the pollen in the anthers of green buds. Every- 
where the pollen shows NEmsc’s phenomenon. 

2. All pollengrains are normally formed. Only 2°/, are sterile. 

Yellow Hammer, single-flowered yellow, 16 chromosomes. 

1. The pollengrains are all normal; 17'/,°/, are sterile. 

2. Id. 14 °/, are sterile. 

3. The pollen is sticky ; some pollengrains have a wide, abnormal 
pollen-tube;; 87 °/, are sterile. 

4. The pollen is not stieky. The various preparations never show 
a normal fertile pollengrain. The pollen shows perfectly. NEmEo’s 
phenomenon. 

5. I examine the pollen in all flowers of one raceme. 

Undermost flower: the anthers contain only few pollengrains, 
which are all sterile. 

Next flower: there are sterile pollengrairs, others with abnormal 
pollen tubes and others again that are large and globe-shaped, full 
of starchgrains. 

Next flower: pollen as in the preceding flower; besides there are 
triangular, sterile pollengrains, while the 2 former flowers had only 
ellipsoidical sterile ones. 

Next flower: pollen as in the former, but besides some fertile 


pollengrains present. | 
Next flower: as in the former, but more fertile pollengrains pre- 
sent, i.e. 27'/, °/ı- ak 
Next flower: as in the former, but the fertility is 35, (sie: 
So if we cempare the pollen of the various flowers, going from 
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below to the top, we observe a gradual transition from pollen which 
is sterile or which shows N£mec’s phenomenon, t0 pollen which 
consists of normally formed sterile and fertile pollengrains. 

6. The examination again refers to all flowers of one raceme. 

Undermost tlower: very few normal, fertile pollengrains. For the 
rest: N&mec’s phenomenon. The anthers are shrivelled and contain 
only little pollen. 

Next flower: like the preceding one; in the abnormal pollen-tubes 
more than 3 nuclei are clearly visible. 

Next 12 flowers: the number of normal fertile pollengrains pre- 
ponderate. 

7. The pollen is not stieky, but it gives a normal impression ; 
36 °/, are sterile. 

8. Besides normally formed fertile and sterile pollengrains there 
occur large, globe-shaped ones and others, of normal size, full of 
starchgrains; 15 °/, are sterile. 

Marchioness of Lorne, single-flowered orange, 16 chromosomes. 

1. In the great number of preparations only sterile pollengrains 
oceur and others that have developed abnormal pollen-tubes. 

3. More than 90 °/, of the pollengrains are sterile. 

3 Id: 


B. Double-flowered varieties. 


La Virginite, double flowered white. 

1. In a drop of water the pollengrains burst very soon. The 
grey colour they show in their protoplasm, has then disappeared 
and the empty, bright yellow coloured exines, on which the wartlike 
protuberances are clearly visible, are left. I make some preparations 
and leave the pollengrains in water for half a minute. If I look at 
them then, it appears that some grains have germinated with an 
abnormal, wide pollen-tube. The protoplasm is now entirely in_the 
pollen-tube and encloses several nuclei. 

Noble par Merite, double-flowered red. 

1. The flowers are doubled to such an extent that I find only 
few pollengrains. 18 '/, of these are sterile. 

2. The sterility is diffieult to make out, because most of the 
pollengrains are in a transition-stage from fertile to sterile. 

3. Most of the pollengrains are sterile. In the fertile ones 2 
nuclei are clearly visible. I observe almost exelusively pollengrains 
that stick together in groups of four. These tetrads consist generally 
of 1 fertile and 3 sterile pollengrains or of 4 sterils ones. The 
sterile ones are fullgrown. Among the sterile as well as among the 
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fertile ones I observe some that are filled with starchgrains. There 
also occur pollengrains with abnormal pollentubes. Not in all anthers 
I find germinated pollengrains. The sterility amounts to at least 50 °/,. 

Bloksberg, double-flowered blue. 

1. I examine the anthers out of a green bud. The pollen is not 
sticky and clearly shows NEmsc’s phenomenon. Van Speijk, double- 
flowered blue, 21 chromosomes. 

1. The anthers of a green bud are examined. The preparations are 
entirely in accordance with the drawings Nemec has made of the 
abnormal pollen-tubes with many nuclei, of tlie large globe-shaped 
pollengrains full of starch and of the sterile pollengrains. 

2. The petaloid anthers contain little pollen. but this normal; 25°/, 
is sterile. 

To this I join a table, which renders, in a surveyable form, the 
content af the deseriptions. Under the figures 1° — 10° the result of 
the numeration is indicated for every variety, in accordance with what 
stood behind the same figure in the descriptions. These figures indicate 
the percentages of sterility; by the letter n NEmEo’s phenomenon is 
indicated. The capital letter in parenthesis shows the origin of the 
raceme from which the pollen was taken. | 

Further I put the number of chromosomen oceuring in the somatic 
cells, behind the varieties of which I know this number. 

The prineipal conelusions down from the preceding examinations, 
with a view to the purpose of this publication, are the following: 

1°. The pollengrains in normally formed anthers, as well as those 
in peialoid anthers, may germinate with abnormal pollentubes with 
several nuclei. So N£mec’s opinion that this phenomenon should only 
oeceur in double flowers, is inaccurate. 

2°. The phenomenon has nothing to do either with the quaestion 
of the hyacinth-varieties being heteroploid or not. It may be observed 
in diploids as well as in heteroploids. 

3. From the faet that in one and the same raceme or in different 
racemes of the same variety we now find quite normal pollengrains, 
now pollen showing N&msc’s phenomenon, we may infer that the 
abnormally germinated pollengrains with several nuclei are caused 
by external and not by internal influences. 

After a more superficial examination one would possibly be inclined 
to aseribe this kind of deviations simply to under- or overfeeding, 
causes that are also so often named to explain the abnormal increase 
of the number of chromosomes. NEnsc thought that as the cause of 
{he existence of the abnormal pollentubes with several nuclei was 
to be considered the overfeeding of the petaloid anthers. The finding 
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of the abnormal pollengrains in the uppermost flowers of the racemes 
of Charles Dickens {1') and General Pelissier (1° and 2°) might. be 
an argument in favour of the fact that underfeeding is the cause, 
as the uppermost flowers are always in a far worse condition than 
the undermost of the raceme. However, what I have observed in 
Yellow Hammer (5° and 6°) is not in accordance with this. For here 
the undermost flowers of the raceme are developed in the same way 
as the uppermost of Charles Dickens and General Pelisier though 
the same rule holds good here as well, that tbe undermost flowers 
are in a better condition with regard to the feeding than the upper- 
most. So at any rate the causes must be considered to be ofa more 
complicated nature; of which presently more. 

5°. The abnormal pollen-tubes may developed when the bud is 
still green. In otber cases suer do not develop until the flowering- 
time has set in. 

6°. From the descriptions given, as well as from the large tables 
not published here, we may conclude that between the aspect shown 
by normal pollen, and NEmec’s phenomenon, there is as it were a 
gradual transition, manifesting itself as follows: 

a. Normal aspect of the pollen ; fertile and sterile grains are present; 
the latter large and elliptie. 

b. Besides the large ellipsoidical pollengrains there occur smaller 
elliptice ones and others that are round or triangular. 

c. the sterile pollengrains of various shapes and sizes get the 
upper hand, which probable indicates and early dyirig off, partially; 
besides these there occur large, round pollengrains, filled with 
starchgrains. > 

d. Nemeo’s phenomenon complete. 


IV. On the conditions, under which NEmzc’s phenomenon may 
come to ewist. 


I may here remind the reader that all the pollen-grains examined 
originated from plants which, on the ground of the various condi- 
tions under which they had been cultivated, were celassed by mein 
13 different categories, from A to M. That I owe a considerable 
part of my results to this arrangement, may appear from a glance 
at the last table. This table shows celearly, that Nemec’s phenome- 
non confined itself almost exelusively to the categories C and D. 
Of the 20 times that this aspeet was found it oceured 11 times in 
C, 6 times in B and onee in D, E, in A. Besides it immediately 
struck the eye, that ihe pollen-aspects which showed one of the 
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trunsitions outlined above of a normal aspect to NEMEO’S phenomenon 
likewise manifested themselves most in the categories C and B. 

As ] had acquainted myself as carefully as possible with the 
eireumstances under which the plants belonging to the 13 eategories, 
had lived, from the moment when the bulbs were dug up in 1918 
till the moment when the pollen was examined by me, it was not 
diffieult for me to deeide under what conditions of eulture hyaeinth- 
varieties are able to produce pollen that exhibits NEmec’s phenomenon. 

It may be considered as a well-known fact, that the growers dig 
up their hyaecinth-bulbs after the leaves have died off, towards the 
end of June and in July, then lay the bulbs in artifieially heated 
barns to be dried, and plant them again in September. So, for 
instanee the bulbs, — I mention this in outline only — which were 
classed by me under category D, were dug up in 1918 between 
July 1 and July 25. The barn was. heated from. August 1 till 
November 1, during the first weeks to 65° F., afterwards the tem- 
perature was allowed to rise to 75° F. Between September 20 and 
November 1 the bulbs were planted again. 

All bulbs which (1) were treated in this way, be it that duration 
of heating and degree of heating diverged a little, besides others 
which (2) were housed in barns where there was no heating; (3) 
were not dug up, so passed the resting-time outside; (4) were not 
planted or placed upon glasses; (5) were eultivated on glasses; (6) 
differed in age or size, never produced flowers the pollen of which 
showed Nemec’s phenomenon. It was different with tliose plants 
which partially had suffered what is called “preparation”. The bulbs 
chosen for that purpose, are dug up in an unripe state, heated pretty 
strongly in the barn, and afterwards planted in pots or placed upon 
glasses. When the bud begins to rise a little above ground, the 
plant is exposed to a higher temperature a second time, the conse- 
quence of which is that the flowers bloom very early. See for this: 
A. H. Braauw: On the periodieity of Hyacinthus orientalis p. 51, 
Vol. XVIll of the “Communications of the Agricultural Unwersity”, 
and my publication: “On the occurrence of heteroploid varieties of 
Hyacınthus orientalis L. in the Dutch cultures”’. Arch. Neerl. 1921 
and (renetica 1921. 

So the bulbs of the variety Nimrod (category B) in the flowers 
of which 1 first found pollen-grains which sbowed me NEMECo’S 
phenomenon, were dug up on June 10, the leaves still being a 
‚fresh green not showing a trace of dying off. 

They were exposed for 21 days to .a temperature varying on an 
indented line from 90° F. to 78° F., afterwards till October 26 to 
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a temperature fluctuating between 70° F. and 60° F. They were 
not placed in pots, and afterwards not forced to. early florescence, 
but between October 26 and November 1 planted in the open ground 
outside. In this way all bulbs had been treated which are grouped 
under category B- and developed abnormal pollen-tubes. 

Very remarkable was the phenomenon that I observed in the 
plants belonging to category Ö. These were all cultivated by the 
same grower, of whom l examined 25 varieties (19 single-flowered 
and .6 double-flowered), with which I effected 31 numerations. 
Of six varieties 2 numerations were noled. These were varieties 
which had been grown in 2 lots, under different conditions. In 21 
of the 31 eases the pollen diverged more from the normal aspect 
than that of the same varieties classed under all other categories. 
In 5 cases I could not compare it with that of other categories 
because for them I had no racemes at my disposal. In the remaining 
cases it was found in the same condition or in one a little better 
than that of any other category. 

In a very striking manner ıt now appeared to me that the racemes 
with pollen showing Nemsc’s, phenomenon or transilions from the 
normal aspeet to Nemic’s phenomenon, always originated from bulbs 
dug up in an umripe condition, between July 1 and 15. Immediately 
after the digging up artificial heating was started, till September 20, 
from 75° to 80° F.; afterwards till the planting time, which was in 
October, from 70° to 75° F. The planting was done in the open ground. 

My observations have induced me last sommer to purposely subject 
several hyacinth-bulbs to various exterior influences. From these 


Fig. 1. (Oc. 9, Obj. A. of Zeiss). Fig. 2. (Oc. 2, Obj. D. of Zeiss). 
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experiments it has now, on the 3'4 February, become evident to me 
that it is possible, to cause the growth of pollen-grains that ewhibit 
Neunc’s phenomenon. To the great importance of deliberately produ- 
cing pollen-grains with more than one nucleus — also SAKAMURA 
(1920, p. 145) by his discovery of several nuclei in the pollen- 
grains of Allium Cepa has come (0 the opinion that they owe their 
origin to a modification of the exterior conditions of life — 1 hope 
shortly to draw attention. 

The diagrams 1 and 2 picture forth the pollen-grains of the variety 
Yellow Hammer, as I found them now in all anthers of the plants 
which are exposed to the same particular exterior eireumstances. 
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Botany. — “A new method of recording: the modifications in 
aperture of_stomata.’’- (First Communication). By M. Pınknor. 
(Communicated by Prof. F. A. F. C. Wax). 


(Communicated at the meeting of October 30, 1920). 
$ 1. Introduction. 


For organisms which, like the “higher” plants, live as a rule in 
the (gaseons) atmosphere, the regnlation of the gas interchange is an 
essential point in the organisation. In connection with this the faet 
must be pointed out, that among the vegetative organs, common to 
all plants, the only part that is capable of quick response in con- 
sequence of its specialised structure, and thus deserves the name of 
“apparatus”, is tbe very part that has to regulate the gas interchange. 
This organ is the stoma (Spaltöffnungsapparat). 

Just as essential as the stomata themselves are for the plant, the 
study of them is for the plant-physiologist. The finding of methods 
to get acquainted with the behavionr of stomata by means of expe- 
rimental researches, has been indeed a subject of constant care in 
physiology. Much has already been done in this department, but 
of course there are always improvements to be made and as an 
attempt in that direction should be regarded the conception of a 
self-recording type of an existing apparatus treated below. 

After the exhaustive diseussion, which VAN STLOGTEREN, in the 
introduction to his dissertation ') has devoted to Ihe numerous direct 
and indireet methods, invented to judge the aperture of stomala — 
I think it to be superflaous to mention these methods again and I 
restriect myself to quoting what van SLOGTEREN says about the poro- 
meter-method of Darwın and Prrrz and its advantages. ?) 

«,,.. it is based on the following prineiple: a glass chamber is. 
fixed air-tight to a leaf and through a tube connected with this 
chamber, the air is sucked out, so that the pressure in the chamber 
is diminished. After the side-tube has been closed, {the difference in 
pressure inside and outside the chamber, can only be annulled, 
when air is sucked through the leaf. From the time, necessary for 
making equal the pressure, the degree of aperture of the stomata 
is judged. 


) E v. SLOGTEREN, De gasbeweging door het blad in verband met stomata en 
intercellulaire ruimten. Groningen 1917, p. 1-13. 
2) l.c., p. 14. 
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advantage of this merhod is, that the values found are 


b) 


A great PN 
not directly connected with the transpiration.... 

“An advantage offered by the porometer-method above all other 
methods is, that it enables us to examine the stomata ın the living 
leaf, which remains attached to the plant, in circumstances more 
normal than with the other methods. It enables us to observe the 
same leaf a very long time consecutively without its experiencing 
any injurious consequences”. 

Finally van SLOGTEREN ') points ont, that the porometer of DARWIN 
and Pierz should also be preferred, because it likewise indicates 
small modifieations in the aperture accurately and makes known 
the average of thousands of stomata at the same time. 

It might be expected, that after the method of Darwın and'PrRrTZ?) 
got known, attempts should be made, to make it capable of self- 
recording. It may be said, that the phenomenen to be studied asks 
for a eontinuous pieture projected of its changes. Indeed some three 
self-recording porometers have already been described (resp. by 
Bauss ®), Jones‘) and Laıvraw & Kniear ) of whieh Bauzs’s stoma- 
tograph may be called the most successful. About these apparatus 
VAN SLoGTEREN says‘): “There is a danger, that either a too great 
pressure is used, or the apparatus is made so complicated that it 
may give rise to all kinds of sources of error. A great advantage 
of the original porometer of Darwın and PeRrrz is its very simplieity, 
through which the influence of external factors exereised on the 
apparatus, is so easily judged. Besides the plant is placed in quite 
abnormal eireumstances, if a continuous current of air is sucked 
through the leaf, as is necessary in these methods”. 

With the recording porometer, that lam now going to describe, all 
these objections have been avoided and the eireumstances in which 
the plant remains during the experiment, are even more favourable 
than in the case of the original porometer. 


% 


$ 2. General description. 


When a selfrecording apparatus is made, the purpose is a.0. to 


1) l.e., p- 16. 

®) F. Darwın and D. F. M. Pertz. On a New Method of Estimating the 
Aperture of Stomata, Proc. Roy. Soc. Lond Serie B, Vol. 84, 1912. 

5) W. L. Barts, The Stomatograph, Proc. Roy. Soc. Lond. B, 85, 1912, p. 33. 

4) W. NeiLson Jones, A Selfrecording Porometer and Potometer, New Phytologist, 
XII, 1914, p. 353. 

5) GC. @. P. Lamraw and R. ©. KııeHT, A Description of a Recording Poro- 
meter etc., Annals of Botany, XXX, 1916, p. 47. 

6) l.c., p. 16. 
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replace the person, who works a similar non-recording apparatus. 
In the simplest case his work consists in the reading and recording 
the position of a hand and of a time designer (c.p. aneroid-barometer 
and barograph). With the porometer of Darwın and Partz however 
the working of the apparatus is more complicated, for besides the fact 
that for each observation two positions and two moments have to be 
read and recorded, the apparatus has to be brought into its original 
position after each observation. So there are several functions here, 
which will have to be done automatically by a selfrecording poro- 
meter. In constructing the automatic apparalus I have tried to keep 
the principle of the original porometer unaltered as far as possible. 

The apparatus (see fig. 1 lower half) consists of a glass chamber 
cemented to the leaf (1) [provided with the side-tube (2) indicated 
by van SLOGTEREN !), which must for the present be considered closed, 
just as the tube 18 in fig, 1], connected with a U-shaped manometer, 
with distilled water. The closed limb M, has a side-tube with rubber 
tube (8). In the case of the ordinary porometer the observer would, 
in bringing about a certain pressure, push open tlıe elastic elamp-cock 
suck at the rubber tube and then let the elastic clamp recoil. In 
this case however the rubber tube leads to the water-jet-air-pump 
(P) and passes a compression cock, which as a rule closes it, but 
at the required moments is pulled open by an electro-magnet K,, 
so that the connection between air-pump and porometer is brought 
about: When the required air-rarefaction has been attained, the 
current of the magnet is broken, the elamp recoils and the rare- 
faction can only be adjusted via {the stomata. 

Since the air-pump works continuously a very great rarefaction 
would soon arise in the space outside the cock, which on opening 
the cock would also appear in the porometer. To prevent this, the 
tube leading from the air-pump is branched outside the cock and 
a second rubber tube (4) runs between the movable part (5) of the 
cock and a fixed metal block (6). 

In the position of rest of the cock, this rubber tube is open and 
conneets the pump with the atmosphere (at 7). When however the 
cock is pulled open, 4 is closed off, so that now the pump can 
only work on the porometer (through 83). So the water-jet-air-pump 
and the electro-magnetic clamp replace the sucking with the mouth 
and the clamp cock of the ordinary porometer. 

Now it should be looked to, that the electro-magnet works at the 
right time. The open limb M, of the manometer is wider than M, 


1) ).c., p. 18 
84 


Proceedings Royal Acad. Amsterdam. Vol. XXUl. 
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suspended on a cord, passing 


ts a glass floater, 
and on the water !loa . ange of water-level 


over a pulley, and eonsequently in case ol a ch 


Fig. 1. Scheme of the arrangement of the self-recording porometer. Expla 
nation of letters and figures in the text. 


sets the pulley in motion. The force, with which this takes place, is 
exclusively dependent on the floating-power of the floater and quite 
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independent of the difference in pressure to be adjusted. Therefore 
pressures differing but little from the atmospherie can be 
employed, ‚which makes eircumstances more natural for the plant. 
Fig. 1 refers to a moment, when the difference in pressure is being 
adjusted, so the water is falling in M, and rising in M, and the 
pulley is moving as the arrow indicates. Now there turns on the 
same shaft a second pulley and over this a cord passes, carrying 
at either of its extremities a N-shaped fork of nickel wire. Such 
a fork moves, when the pulley turns, in a vertical direction, with 
each of its limbs in a glass tube, at the bottom of which is mercury, 
which has been inserted into a circuit. 

If the fork 8 dips into the mercury of contact C,, eireuit I is 
closed and the eurrent passes tlırough the solenoid 8, of the auto- 
matic electrie mercury-switch W (upper half of Fig. 1). The core 
of soft iron is attracted, the switch is changed over and a.o. one of 
the insulated iron forks dips into the mercury cups of contact C,, 
in eonsequence of which eireuit III is ciosed, the electro-magnet 
opens the cock K,, the porometer is brought in connection with the 
pump and the water rises in M, and falls in M,. The air-rarefaction 
and with it the movement of the water and of {he pulley continues 
till the fork 9, which is sinking now, reaches the mercury in C,, 
for in consequence of that eireuit II is closed, solinoid 8, works 
and, the switch changing over, circuit III is broken, the porometer- 
space is closed by the clamp and the current of air passing through 
the stomata rebegins the adjustment of the difference in pressure. 
It is evident, that the degrees of air-rarefaction between which 
we want to work, can be regulated by altering the place of the 
mercury-contacts along their stand. 

The preceding may be summarized as follows: 

There are two alternate periods in the working of the apparatus: 

Period 1, of indefinite shorter or longer duration, in which the 
position of the switch is such, that the eurrent tbrough' the electro- 
magnet is broken; the porometer-space consequently is closed by the 
cock and the pressure is increased by the current of air through the 
leaf from the lowest fixed limit to the highest. | 

Period II, of a short duration, in which the position of the switch 
is such, that the current passes through the electro-magnet; the poro- 
meter-space consequently is connected with the pump, which dimi- 
nishes the pressure again to the lowest limit. 

Each period begins with a contact, made by one of the forks (taking 
part in the movement of the water in the manometer) through which 
tbe switch is drawn in the required position. | 

s 84* 


1308 


Now the purpose is to record the duration of period 1 every time. 
The simplest method would be, to make the switch give a mark on 
a revolving drum at each changing over, and next to measure the 
distances of tloose marks and make a graphic of them. A similar 
method has already been applied by Barıs and by Lamraw and 
Knıeut, who employed drums, revolving rather quickly and falling 
simultaneousiy, because otherwise the marks would come too close 
together for them to be able to judge the distances. 

The recording-apparatus to be discussed here, has been constructed 
thus, that it gives the required data directly in a survey on a slowly 
revolving drum, so that the modifications in the degree of aperture 
of the stomata, for instance during 24 hours can be read, without 
measuring Or COopying. 

lt eonsists firstly of a recording drum, turned round by the 
elockwork U, in 24 hours (see fig. 1 at the top). 

The tracing-peneil (11) is fastened to a trolley (12), which can be 
moved on rail parallel to the deseriptive line of the eylinder, being 
attached with a cord to the disk (13), which is fixed on one shaft 
with the cog-wheel T, of the second clockwork U,. T, however is 
not eonstantly in eonneetion with the rest of the cog-wheels of U,. 
In faet, the cog-wheel T,, that has to transmit the motion of the elock- 
work to T,, does not turn in the frame of the celockwork, but in 
a separate lever, which can be moved round the pivot 14 to 
a small extent by alternate attraction of the cores of soft iron of 
the solenoids 8, and 8... If 8, pulls down, T, goes up, the 
motion of T, is transmitted to T, and the trolley is drawn to the 
left with a certain speed. If next S, pulls, T, goes down, T, is 
released and the trolly is drawn back to zero by the weight 15. 

The intention with this arrangement is, that the trolley is only taken 
along by the elockwork during the period 1 of the porometer, which 
is to be recorded, and that during period 2 it has an opportunity 
of running back to zero, to recommence its uniform movement with 
the next period 1. The longer period 1 lasts, the longer the clock- 
work continues pulling uninterruptedly and the longer therefore grows 
the line, traced by the pencil towards the left. In this way the left 
extremities of the lines thus obtained, give a distinet pieture of the 
course of the durations of the periods 1, i.e. of the degree of aperture 
of the stomata. 

For the changing over of the cog-wheels at the exact time the 
automatic switch W cares, which itself is indeed changed over at the 
alternation of the two periods. To its shaft namely some other iron 
forks have been fixed insulatedliy and these serve to close eireuit 
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V at the beginning of period 1 in the mercury-contact O,, in conse- 
quence of which the solenoid S, (at the clockwork) works and 
makes T, eatch into T, — while at the beginning of period 2 in C, 
eireuit IV is closed, which by means of S, pulls down the cog- 
wheel T.. 


Thursday May 13 1920. Friday May 14. 


"  Ficus elastica 


Fis. 2. Course of the stomatal aperture in a leaf of Ficus elastica for 
nearly 24 hours. The lengths of the lines denote the time, in which the 
pressure in the porometer was increased from 5 to | cms. of water below 
the heisht of the barometer. } en 


Fig. 2 is a reproduction of a diagram, obtained with tlıe aid of 
the described arrangement. It is hardly necessary to point out, that the | 
distance between the lines is the smaller, the shorter the periods 1 | 
are. If period 1 lasts longer than 16 minutes, the pencil goes no | 
farther, so that the line is, as it were cut off. There is however no 
objection to this, because in such long periods the length may be 
accurately read from the time-axis down to half-minutes. A 

The picture given by fig. 2 clearly shows how on May 13" at 
5.30 p.m. a slow elosure of the stomata had already setin, between 7 
and 8 o’elock the elosure went quicker and quicker, at 8.30 the 
period was 5 times longer (han at 5.30. Next the stomata remained 
in the strongly-narrowed condition, till about midnight, then they 
began to re-open, first very slowly, but between 4 and 6 o’clock 
in the morning very fast. 

From 7 to 9 o’elock they were more open than the previous 
afternoon at 5.30. Between 9 and 2 the degree of aperture showed 
fairly strong oscillations, which, in connection with observations I 
shall no further discuss here, should probably be attributed more 
to the influence of temperature than the light. At the maximal 
aperture at 2 o’clock, period 1 was 16 times shorter than at the 
greatest closure at 10 o’cloek in the previous night. After 4 hours 


"ee 
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a slow elosing set in, so that at about 5 o’eloek the condition was 
almost equal to that of 24 hours ago. A 

At first sight the results obtained in this way, seem satisfactory. 
Undoubtedly the general course of the aperture of the stomata may 
be read from the diagram. Yet the apparatus discussed above meets 
with the same objection as the other recording porometers: the 
uninterrupted flow of air through the leaf. This objeetion can be 
removed, by introducing between every {wo obseryations a period 
of rest, during which the pressure in the porometer is equal to that 
of the atmosphere. For this purpose the following arrangement has 
been added to the apparatus. (Fig. 1. upper half). The circuit III, 
enabling the electro-magnet to connect the porometer with the pump, 
has not only been interrupted in contact O, (at the automatic switch), 
but moreover at C, (mereury-cups in ebonite block, fixed to the 
clockwork U,). Even if at the end of period 1 the connection in 
C, is brought about, yet the current will not pass through the 
magnet before C, has likewise been closed. This may be attained 
by a fork (16), fixed to the cog-wheel T,. In the position as illus- 
 trated (during period 1), this cog-wheel is free from the clockwork 

and: is kept in this position by a weight, that keeps the fork 16 

at a special distance from C,. At the end of period 1 T, goes down 
and its teeth catch into those of T,. Now this latter turns slowly 
back and after some time 16 reaches C,, the circuit III is 
entirely closed and the reduction of the pressure in the porometer 
may begin. As the rod, to which 16 has been fixed, insulated, can 
be turned round the shaft of T, with frietion, the angle through 
which it has to be moved by tlıe clockwork, may be taken arbi- 
trarily and in this way the duration of the period of rest can be 
determined. 
‘ Our purpose, viz. to have atmospherie pressure in the porometer 
during the period. of rest has not yet been attained, for at the beginning 
of tbe period of rest there is still a difference in pressure and it would 
take long to adjust this quite. 

The porometer-space therefore should be brought into direet connection 
with the atmosphere and this happens by means of the rubber tube 19 
(Fig. 1. bottom half), attached to the side-tube 2 of the glass chamber 
and which is not — as is the case with van SLOGTERUN’S porometer — 
closed off with a common elamp, but runs through an eleetromagnetie 
elamp. Tube 19 had been closed off between the frame 20 and 
the fixed block 31, during period 1, beeause the armature 23 was 
attracted by the electro-magnet K,. Circuit VI serves this purpose, 
which can be interrupted at the merceury-contact C, of the switch, 
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but in the illustration (period 1) is just kept closed by a fork. Isthe 
switch changed over at the end of period 1, VI is interrupted and 
the frame 21 is pushed upward by the elastieity of the rubbertube 
itself so that 19 is opened and the pressure inside and outside the 
porometer becomes equal. When the period of rest is finished, 19 
must be closed, otherwise the pump cannot reduce the pressure. In 
order to attain this end, circuit VI has also been conducted past C,, so 
that 19 is closed off, as soon as 16 dips into the mercury. As T, 
(thus 16) is not released by T, before the switch has taken the 
position illustrated in fig. 1, consequently the current VI is also 
elosed in C,, VI keeps going and the rubber tube 19 remains 
closed, also during the transition from period 2 to 1. 

The arrangement is such, that eireuit III is entirely closed, when 
both in C, and in C, contact has been made, whereas the current 
already goes through VI, when in either of the contacts C, of C; the 
fork dips into the mercury. 

It had appeared in practice, that during the period ofrest, in conse- 
quence of the transpiration of the leaf, the air in the glass-chamber was 
saturated with-water-vapour, the result of which was, that the condition 
of the glue-rim did not remain trustworthy. Therefore it was necessary 
to renew the air during the rest and this could be attained, by giving 
the waste rubber-tube 4, witlı an open end at 7, (where during 
period 1 and the rest-period air is sucked in by the pump from 
outside,) a side-limb (17) passing elamp K,, next past 18 andending 
at the bottom of the glass-chamber. If K, is open, a current of air 
enters at 19, and passes through 2, 1, 18, 17, 4 to (he pump. 
Since 7 always remains open, tlıe current of air (hrough the chamber 
is not too strong. When the period of rest is over, 17 inK, is closed 
by the elamp at the same time as 19 and the cireulation stops. 

With the apparatus thus modified 3 periods are to be observed: 

Period 1. Porometer-space elosed. The air enters through stomata. 

Period of rest. Porometer-space connected both with atmosphere 
and pump. The air cireulates. 

Period 2%. Porometer-space only connected with pump. The air 


is rarified. 


Fig. 3 is a photograph of a diagram, showing the periods of rest 
between the observations. The laboratory possesses {wo recording- 
porometers, writing on one drum, enabling us to examine two plants 
simultaneously. 

In this ease Ficus elastica and Peperomia maculosa were treated. 
It is striking, that in the case of Ficus, since the introduction of 
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the period of rest, a much larger amplitude is to be noticed, han 
in the case of uninterrupted recording, which proves the necessity 


Thursday, October 21st1920. Friday, October 22nd, 


Peperomia maculosa ; i i i 
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Fig. 3. Course of the stomatal aperture in leaves of Peperomia maculosa 
and Ficus elastica recorded simultaneously with intervals of 20 minutes for 
nearly 26 hours. The lensths of the lines denote the time, in which the 
pressure in the porometer is increased from 7 to 4 cms. of water below the 
height of the barometer. 


of the period of rest (cp. fig. 2 and fig. 3). If from 13 to 14 May 
the rate of time between “most open” and “most closed” was 1:16, 
in fig. 3 it is 1:85. It is also remarkable, that even during the 
night opening and elosing may be noticed, which proves, that other 
factors than light act a part. 

Comparison between Ficus and Peperomia shows, how with the 
latter the stomata check the current of air but very little in the 
middle of the day, towards evening the elosure is much quicker 
with Freus. What lasts still 5'/, min. at 4 o’elock, is done in 125 min. 
between 5 and 7 o’clock. In the evening Peperomia gave a slower 
closure than Freus, in the morning however an opening at least 
equally quick. The ratio of open and closed is particularly strong 
in the case of Peperomia. At one o’clock in the afternoon the period 
of fall is not yet '/, minute, about midnight 32 minutes. Here it is 
not the place for a further inquiry into these results, which immediatelv 
tempt to further plıysiological contemplations. ; 
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$ 3. Particulars. 


The practical execeution of the system discussed has given various 
experiences, which I will eommunicate here. In fig. 4 and 5 the 


Photo J. QUELLE. 
Fig. 4. Arrangement of two recording borometers, the chambers of which 
have been fixed to one leaf of a Ficus elastica on either side ofthe middle- 
vein. Explanation of letters and marks in the text. To the left a hysrograph 
and behind it a thermograph. Through the opening at the top in the middle 
something of the sunshine-autograph may be seen. 


real arrangement of the parts has been illustrated, deviating here 
and there from the schematic fig. 1. The signification of letters and 
figures is the same throughout. 

1. The glass chamber. At present I always use the model, as 
illustrated by van Stogreren on p. 18 of his dissertation, so the one 
with the side-tube attached near the edge. In the case of Picus 
elastica 1 use chambers, with wide mouths (diameter 4 centims), 
because by doing so a greater number of stomata is set to work 
and the falling of the water in the porometer goes quicker. Because 
I use pressures, little below the atmospherie pressure, (viz. between 
7 and 4 millims underpressure or between 5 and 1 millims under- 
pressure) to make the condition of the plant differ as slightly as 
possible from the natural condition, the fall-period is longer than 
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f En a2 " RL 
in the case of most of van SLOGTEREN S experiments. 


for instance 
such as the use of the large-surface-chambers 


That is why measures 


Photo J. QUELLE. 


Fig. 5. Arrangement of the recording apparatus. To the left the recording 
drum and in front of it one of the two writing clockworks (Us). The second 
clock conformable to the first was too much to the left to be seen in the 
phato only some parts belonging to it (11=, 12=, 15°) are visible. The clockwork 
moving the drum should also be thought to the left. To the right the two 
automatic mercury switches (the one in front of the other) and behind those 
a resistance. Further explanation of the figures in the text. 


and the diminution of the gas-contents of the porometer are to be 
recommended. 

The fixing of the chamber to the leaf remains.a diffieult question. 

In 1914, wlıen I was occupied with ordinary porometer-observa- 
tions, I tried a number of glues, and just as Van SLOGTEREN !), I 
came to the conclusion, that ordinary Arabie gum is by far the best. 
In 1919 on the advice of my colleague J. Hrımans, I tried mixing 
a small quantity of Sesame-oil with the gum and indeed this makes 
the substance somewhat tougher and cracks do not so soon appear 
in drying. Besides I always add a trace of Thymol, to prevent its 
decay. Too much tbymol is injurious to the experimental plant. 


3) Le... p:’ 20: 
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It is my experience, that well-fixed chambers may remain fit for 
use for. 4 weeks, but they should be ventilated regularly between 
the experiments. It is essential, that the air in the hothouse at least 
in the first hours after attaching the chamber is fairly dry, other- 
wise the glue remains soft-too long, which may cause the leaf 
to get slighily removed from the chamber. 

I. The manometer. The two limbs are of unequal diameter, 
therefore the manometer slıould be tested before use in order to know 
what distance in the narrow tube conforms with a change in 
pressure of 1 cm of water. Fixing the water-level at zero is a very 
simple thing and quickly done, in consequence of the presence of 
a water-reservoir R (attached to the manometer by means of a 
rubber tube with elamp) and of a drain with elamp. Practice teaches 
that hardly any water evaporates from the manometer, so that the 
apparatus can work 48 hours ai a stretch, without the water-level 
having to be fixed anew '). 

III. The electro-magnetie clamp K,. The whole apparatus is really 
based upon the theorem, that the elastie clamps close tlıe rubber 
tubes absolutely and that at the points where the rubber tubes pass 
over the glass tubes, leakage is impossible. What fig. 3 shows for 
Ficus elastica between 5 and 7 p. m. is the best» proof for the 
practicability of this theorem. 

Abont the structure of the clamp itself there is not much more 
to be said, than can be seen in the picture. The electric current 
however should be further discussed. It is yielded by a battery of 
accumulators of 7 cells, therefore with a voltage of 14 Volt and 
the force of the current is for the clamp K, only 1 Ampere. There 
is a very small loss of electricity, for the time used for sucking up 
{he water in the manometer is at most 4 seconds. The current of 
the battery is also used for the solenoids of the switch (cireuit 
I and II) and for the electromagnetic clamp K, (circuit VD). 
Part of the apparatus being in the hothouse (everything below the 
horizontal line in fig. 1) and the rest in a room of the laboratory 
(switch, recording-apparatus and battery) an amount of connecting 
wire is necessary. A tube, containing 16 wires, joins the two localities 
and the wires end on terminal boards with numbered terminals, from 
which flexible wires lead towards the different apparatus. Two series- 
switehes have been inserted, which can elose and hreak the current 
if necessary both in the hothouse and in the room. 


ı) The U-shaped manometer is therefore also to be preferred in case of the 
non-recording porometer te ihe ordinary glass tube placed in a vessel of water. 
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IV. The eleetro-magnetic clamp K.. Except during the period of 
rest, this celamp must remain elosed and eonsequently is in eireult. 
Therefore it has been arranged in such a way, that a current of 0,45 
Ampere is suffieient. For the rubber tubes 17 and 19 has been used 
common bieyele valve-tube. 

V. The pulley-contact-arrangement. Tbe pulley-shaft runs very 
lightly between two conical pivois. The floater is made of glass 
and eontains mereury at the bottom. A thin cord.runs over one 
pulley and bears a weight at its other end. In fig. 4 to ıhe right 
is shown, that in the newest model the second pulley is larger, 
which magnifies the movement of the forks 8 and 9 and enables 
us to fix the contacts C, and C, more accurately. 

As ‚appears- from the description, I have always used mereury 
in the contaet-arrangements, which was done because mercury- 
eontacts are absolutely trustwortby, contrary to brushes of other 
metals and because force is not wanted for bringing about the 
connection. 

It would not be an .easy matter to keep the mercury in the 
elass tubes C, and C, clean, when soiled by sparks. With the 
amperage used sparks only occur on breaking the current, therefore 
it was necessary to break the cireuits I and II sumewhere else 
before the forks 8 or 9 rise out of the mercury. This end has been 
attained by adding to 

VI. the automatic mercury switch, an arrangement of levers (not 
shown in fig. 1), by which, again with the aid of mercury- 
contaets, the eireuits I and II can be broken, when the switch has 
reached the required position and further action of the solenoids 
S, or $, is superfluous. With this arrangement a double purpose 
has been attained: 1°: the spark of breaking is removed to a place 
where the mercury must not so anxiously be kept clean; 24 the 
loss of electrieity in the solenoids is limited to a minimum. — 
At the first trials of the switch it appeared, that in consequence 
of the elastie fall of the iron forks in the mereury-cups, the switch 
recoiled halfway after a moment. To prevent this, the elockmaker 
J. Mussıas devised a brake, eonsisting of a couple of metal springs, 
checking the movement of the lever. One of them has been rendered 
in the diagram as No. 283. 

The mereury-eups of the. contacts C, to C, are bored out in 
ebonite blocks. At the bottom of the cavities there end the iron 
screws of the “terminals” put up at the sides, carrying the current 
to the mercury. 


VI. The clockwork U,. The proportion of the cog-wheels and tlıe 
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outline of the pulley 13 is such, that the trolley is drawn on with 
a speed of 1 mm. per minute. 

It is essential, that the lever, in wbich T, turns, is kept steadily 
in the required position. Therefore after every movement it shoots 
behind an elastie pawl. Consequently the solenoids $S, and S, must 
possess great strength in order to draw the lever back along 
the pawl. The electric eurrent yielded by the battery could not 
perform this, and therefore use has been made for this arrangement 
of the alternate eurrent of 220 Volt taken from the plug-switch SC. 
The eirceuits IV and V (drawn as an undulating line in the illus- 
tration) carry the alternate eurrent. Mr. Messias invented an arran- 
gement, which prevented the current to pass longer than strietly 
necessary. In fact, the vertical shaft, to „which the cores of soft 
iron are fixed in S, and $,, ends on both sides in a bone tip and 
this breaks the current in a gold-contact when the extreme position 
is reached. (This is not indicated in the picture). 

VIII The traeing-peneil. The tracing is done in recording-ink i.e. 
with red, because the common lilae ink is not well reproduced in an 
ordinary photograph. The glass needles are made according to a 
model, used in tlıe Royal Dutch Metereological Institute at De Bilt'). 
Every needle consists of a bulb, (capable of containing ink enough 
for recording during 48 hours), from which issues a pointed capil- 
lary tube, which rests on the paper. This tube is fixed to the bulb 
with the aid of sealing-wax. The whole is seized in a small clamp 
at the end of the shaft of the trolley. 

IX. The recording-drum revolves in 24 hours and has an outline of 
72 ems. Each hour is therefore 3 ems. and the minutes of } mm. 
are easily read. For paper millimeter-paper is used, so that after- 
wards a scale has not to be added and the data can immediately 
be accurately read. The paper is fastened round the drum by means 
of narrow brass hoops. 

The lines, written by the peneil when the trolley is drawn on 
by the clockwork U,, form an angle with the ordinate, the tangent 
of which is: the quotient of the distance, travelled by the recording- 
drum in one minute and that which the trolley travels along its 
rail in one minute, Or 3b: 

As has already been mentioned above, the trolley is stopped after 
having run for 15 minutes. The elockwork need not stop, because 
the shaft of T, turns with frietion. During that time the pencil 
writes a line parallel to the abscis (see fig. 2 and 3). 


1) Dr. C. ScHhoure, Director of the Institute, was kind enough to explain this 
method to me. 
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X. General remarks. The idea of using a traeing-peneil periodi- 
cally moving backwards 1 got from the selfrecording anemometers 
used in meteorology. There the distance travelled is automatically 
differentiated as to time by the backward movement of the stiletto 
every 5 minutes, so the velocity is recorded. In the case of my 
apparatus the differentiation does not take place as usual according 
to time, but the veloecity is taken as “the time needed to travel a 
certain distance”. 

In this connection I want to point out, that the recording appa- 
ratus by itself, therefore apart from the porometer, may be used 
for all kinds of other physiological inquiries, in which velocities have 
to be recorded. I hope soon to provide tlie“arc-indicator of growth” 
with an apparatus, enabling us to record the growth in the way 
mentioned above. Then the alterations in rate of growth, which 
are really wanted, may be directly. read, while with the usual 
method, they must be derived from the inclination of the curve. 

It may not be undesirable to consider the advantages of recording- 
instruments in general, apart from the special method followed here. 
In the first place we have the uninterrupted observation, next a 
great saving of time, for, when the construction is sufficiently sure, 
an apparatus as the one under discussion can work for 24 hours, 
without our having to look at it. Finally the accuracy with which 
everything can be regulated. For instance it is impossible for an 
experimentator to observe in the way followed here: an observation, 
during whiecb he must patiently wait, then waiting for exactly 20 
minutes, another observation, another 20 minutes waiting — that 
is slow work and not very encouraging which cannot be kept up 
very long. Moreover with slow movement of the meniseus it cannot 
be preeisely stated, when the exact point is reached. The mercury- 
contact tells us this with minute accuracy. Indeed working with 
such slight differences in pressure (i.e. in eireumstances so slightly 
unfavourable for the plant) as is possible here, is almost impractic- 
able for an ordinary observer. 

Let us finally consider what advantages the apparatus discussed 
here offers above the existing recording porometers and we find as 
general advantage: the possibility of introducing periods of rest 
with renewal of air between the observations. 

Let ns next consider separately the real porometer and the 
recording apparatus. The porometer itself may be built almost equally 
eompactly as Barıs’ stomatograph, and is therefore equally fit for 
use in hothouses or outside among the plants. The mechanism, which 


has to be in the immediate vieinity of the plant however is simpler 


N 
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and, on account of. the mercury-contacts, works more accurately. As 
a complication however it should be added, that the apparatus must 
be connected with an air-pump by means of a tube. The porometer 
of Lamraw and KniGHT is in congequence of the necessity of placing 
a batl of a constant temperature around the jar of Mariotte, only 
practicable for laboratory-experiments of no long duration and is 
consequently inferior to the apparatus of Barıs and of myself, in 
spite of the pressure being almost constant. Moreover the forming 
and getting loose of a drop of water seems to me a less accurate 
measuring -of time, than the change of level in a manometer. All 
methods mentioned however are to be preferred to that of Jonzs, in which 
the recording-apparatus forms one inseparable whole with the porometer. 

The advantage of the electrie connection between porometer and 
recording-apparatus, rendering an arbitrary distance between the two 
possible, cannot be valued too high. The plant can be examined in 
the most different eireumstances, while the recording occurs in a fixed 
place and the apparatus suffers no injury from uncommon temperature 
or moisiure. 

The special adventages of the recording-method used have already 
been mentioned: 1°. The fact that the readings can be taken much 
more accurately, also of very short periods, without the unities along 
the time-axis having to be particularly large; 2°. writing a directly 
practicable graphie of the course of the phenomenon to be studied; 
3°. the fact that it can be used for recording other physiological pheno- 
mena respecting veloeities and gives a better survey of those, than has 
been done hitherto. These properties of the recording-apparatus make 
up for the fairly bigh costs of procuring, and make it an apparatus 
that can be regularly used in the laboratory. 

The observations with a recording-apparatus that may be left alone 
for a whole day, require however, that the eircumstances in which 
the plant finds itself, are recorded uninterruptedly. Otherwise it cannotbe 
controlled what the oceurring phenoma are due to. It would be ideal 
to record temperature, moisture etc. on one recording-drum with the 
vital phenomenon to be examined. Until this has been achieved, we 
must be satisfied with the existing apparatus for this purpose, the 
only inconvenience of which is, that their drums revolving in one 
week are too small for us to read the time aceurately even for a 
period of 5 minutes. Through the kindness of Prof. E. van EvErDiNGen, 
Chief-Direetor of the Royal Dutch Meteorological Institute, I had some 
apparatus in loan during my experiments. At present the Laboratory 
of Plant Physiology possesses a thermograph, a hygrograph and a 
sunshine-autograph. 
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The results mentioned above would not have been attained, if Ihad 
not been sustained by the eonfidence in the success of the undertaking, 
which the direetor of the Laboratory, Prof. E. VERSCHAFFELT, has 
always shown, and by the aid in word and deed, I experienced from 
Mr. J. van Der Zwaar, instrumentmaker, and Mr. J. Messtas, elockmaker, 


in the technical execution of the plans. 


October 1920. 
(From the Laboratory of -Plant-Physiology 


of the University of Amsterdam). 


Hydrology. — “Om the Motion of Ground Water in rose nd 
. Thawing. Weather.” By Prof. Eve. Dusoıs. 


(Communicated at the meeting of January 29, 1921). 


From small pools, from detached ditches, especially with high 
sides, from wheel tracks, water is seen to disappear on prolonged 
frost from under the ice formed, so that beneath the ice there are 
air-filled spaces. The vanished water-layer can be from a few centi- 
meters to some decimeters thick. The phenomenon is universally 
known, .but the question what happens to the water, has not been 
answered as yet. 

Other, equally common plıenomena, are observed in thawing 
weather. Before the frost the soil may have been fairly dry near 
the surface, but without previous snow or rain it is found to be 
muddy .on the still frozen substratum, as soon as thaw has set in. 
Not until the frost has quite gone from the ground, the superfieial 
soil resumes its former, less wet condition, because then the excess 
of water sinks away. Whence this excess of water? er 

When the frost has gone from the ground, new-set plants that 
had not yet properly taken root, may be found “frozen up”, that 
is partly, in some cases of small plants entirely, uprooted. By 
what cause? 

Some winters, especially that of 1917/18, I had an opportunity to 
make observations in the “sand-diluvium” of central Limburg, which, 
] think, can throw some light on the causes of these phenomena. 

The most important fact found, was that in thawing weather the 
ground water rises. Without snow or rain, and without superficial 
inflow of water, the level of the water, among others in ditches, after 
the ice in them had melted, is seen to rise in the distriet mentioned 
to such an amount as 1 cm. per twenty-four hours. 

Hence there is displacement of ground water, during frost upwards, 
and during thaw downwards, and I imagine this to take place as 
follows. 

The pressing action of the surface tension of the water that sur- 
rounds the ground grains, decreases with increasing diameter. Hence 
in the state of equilibrium the coarse ground grains are covered 
with thicker water layers than the fine ground grains. And just as 

85 
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the liquid moves from a small soap-bubble towards a large one, in 
the same way water that surrounds the ground grains moves from 
the fine towards the coarse grains when the state of equilibrium has 
not yet beem reached. So far as I know, E. Ramann was the first 
to point out this important influence of the grain-size on the moisture 
of the soil.) In the capillary spaces between the grains the height 
to which the water rises is also in inverse ratio to the cross-section 
of those interstitial spaces. 

Now it seems to me that the same influence manifests itself in 
these phenomena of freezing and thawing of the ground. 

For as soon as the frost penetrates into the ground, the ground 
erains become larger in consequence of their water-envelopes getting 
frozen, and then suck the water to them from the neighbouring, 
still unfrozen grains; thjs water freezes again, and thus the diameter 
of the solid grains gets greater and greater. In the same way the 
capillary spaces get narrower, so that ground water rises in them. 
' The quantities of water that thus can be retained in the frozen 
parts of the ground, must be very considerable. 

This appears in thawing weather from the muddy state of the 
ground at the surface, which thaws first. When also the lower 
layers are thawed, the water that has risen during the frost, can 
sink away, and return to the, ground water. 

Plants are not found uprooted through frost until it thaws. This 
may be explained in this way: when the ground thaws, differences 
of tension arise directed from below upward, through which the 
plants that have not yet firmly taken root, are ejected. 


!) In the third edition of his *Bodenkunde”, p. 332, (Berlin 1911). 


Mathematics. — “To Representations of the Field of Circles on 
Point-Space.’ By Prof. Jan pe Vrıws. 


(Communicated at the meeting of January 29, 1921). 


1. In 1917 these Proceedings (Vol. 19, p. 1130) contained a paper 
of Dr. K. W. Warstra on the representation ofthe cireles of a plane 
on the points of space. In this representation a pencil of circles is 
replaced by a point-range, a net of eireles by a field of points, and 
two orthogonal ceircles are represented by two points {hat are har- 
monically separated by a paraboloid of revolution, the points of 
which are the images of the point-eireles of the field of cireles. 

Lately this representation has been investigated more closely and 
applied further by Dr. J. Smir in his thesis entitled : “A Representa- 
tion of the Field of Cireles on Point-Space” (Utrecht 1920). We 
arrive also at this representation in the following way. Let A be 
a point outside the plane ® of the eircles ec; through e and Aa 
sphere is passed. If we consider its centre as the image of c the 
representation defined in this way shows all the above mentioned 
peculiarities. | 


%. In order to arrive at another representation of the field of 
circlee we transform in the first place the plane ® by inversion 
with centre N into a sphere ß; the eireles c are in this way replaced 
by eircles c’ of B. Now we eonsider the pole C of the plane y’ of 
c’ as the image of the eircle c. The point-circles Pof ® are, evidently, 
represented by tie points P” of ß. A straight line | of ® is trans- 
formed by the inversion into a eirele 2 through N, is therefore 
represented by a point L of the plane v touching ß at N. N is 
apparently the image of the straight line at infinity of ®. 


3. A pencil of cireles (c) is transformed by inversion into a 
“pencil” (c’), \.e. & system of which there passes one eivele through 
any point of 8, so that the planes y’ of the circles c’ form a pencil, 
pass therefore through a straight line r”. But then the poles C lie 
in a straight line r (the polar line of r’ with respeet to ß). Also in 
this representation a pencil of eircles is therefore transformed into 


a poini-range. 
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If (c) has the base point D, and B, also the eireles c’ pass through 
two fixed points and the image r of (c) lies outside P. i 

If on the contrary (c) has two point-circles P, and | 
intersection of the planes tonching P at 2°, and P', and the image 
r cuts the sphere. | Er 

The image of a pencil of concentrical cireles is evidently a straight 
line r through the point N. “ 

A parabolical pencil of eircles is represented by a tangent of PB. 
Any two circles of such a peneil touch at a point /P; the images 
of two touching eircles are therefore joined by a tangent. 


’ is the 


4. A net of circles [ec] is transformed by inversion into a “net” 
[e’]; the planes y’ pass through a fixed point S, consequently the 
images ( lie in a plane o, the polar plane of S. 

The image of a net with base-point Pis the plane touching $ at P’. 

All the eireles c ceutting a eircle c, at right angles, form a net 
[ec]; to this belong the points P of c,. As these points may be 
considered as ceireles touching c,, they have their images in the points 
of contaet of the tangents of 8 meeting in the image (,. Consequently 
the net is represented by the polar plane of C,. The images of two 
orthogonal circles are therefore harmonically separated by ß. The 
sphere 8 plays here the same part as tlıe paraboloid in the above 
mentioned representation. | | | 

All the eircles intersecting c, diametrically also form a net, [c*]. 
As [c*] has no ceircle in common with the net of the circles inter- 
secting c, at right angles, the image o* is parallel to the plane 0 of 
c,. To [c*] belongs also the eirele c,: hence o* passes through C,. 


9. An arbitrary conie 0? contains the image of a system (c),, with 
index two; for the tangent plane e of a point R’ has two points 
in common with d and these are images of two eircles c through 
the point R.. The system (c), belongs to the net [e] which is repre- 
sented by the plane of 4°. ') 

If the plane g touching ß at R’ also touches d?, R’ is the central 
projection of a point R of the eurve enveloped by (c),. Now let Z 
be the image of the straight line / in ©; the enveloping cone of 
ß the vertex of which is Z, has four tangent planes oe in common 


') The orthoptical eireles of a pencil of conies form a system (c),. For through 
a point of the straight line at infinity pass the degenerate cireles consisting of 
!, and the director lines of the two parabolas. The point-circles of the system 
are found in the double points of the three pairs of lines and in the centra (the 


orthogonal eircle of the net to which (c), belongs) having its centre in the point 
of intersection of the two director lines. ji 
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with tlie “cone pröjeeting d out:of'L..Fröm thisit 'ensues;thatsthe 
system’ (c), is enveloped. by a'curve of the fourth order. Su 

The points of- interseetion oft d*' with ß.are the: imageof four 
point-eireles belonging to ‘(c), ; the points of intersection of :d? with 
the De v ‚represent the. two nur lines ji Or 


6. A eoridtei eubic d®? 1 ne or a len (c), with index 
three. At such a system we can.arrive in the following. way.. Let 
us consider three: projective pencils of eircles (c,), (6,), (c,). in ®; 
let c be the eirele intersecting the’ homologous eircles .c,,.c;'' and c, 
at right angles.: The image Ü of ec is the point ‚of: intersection -of 
the- polar planes y,, ys Y; of. the images 0, C,, O5 These planes 
revolve round the polar lines r,,r,,r, of the straight lines r*,, r*,,r*, 
containing the images (\, C,, C,; the locus: of the_point:C-is accord- 
inely a twisted eubie, d*. Apparently we can inversely choose for 
24 1,7, three arbitrary chords of a given curve d’; their polar 
Re with respect to ß define in ® three projeetive ee of eircles, 
which in their turn ‚define the system, OR which has g* it its imnge. 

LER plane curve d" is the image ofa 2 belonging, to the net 
‚that is represented by the plane d of Br AR tangent plane, 0° DE 
intersects 4? in three points of the straight. line. de; as a second 
tangent plane to ß can be passed through ‘this straight line, the 
system (c), is characterized by the property that the three eireles 
through a point / have anotber P* in common. If do is a tangent 
to ß the three eircles touch in a point P; this point of contact lies 
evidently on the orthogonal circle (diametrical cirele)_ of the. net. 
In a special case the orthogonal:circle can. be:replaced by. a straight 
line, containing in this case the centres of the eircles of the system (c),- 


8. Let O be the centre of the sphere ß. If the images C, and 
C, of two eireles c, and c, are such that 7 0C,C, is a right angle, 
c, is intersected diametrically by c, ($ &. If C, is fixed C, remains 
on the sphere 7’ having OC, as diameter. This sphere is apparently 
the image of the twofold infinite system of eircles c that are inter- 
seeted diametrically by the fixed eircle c,. The intersection of two 
tangent planes of & has two points in common with I’; hence through 
two points there generally pass two circles of the system. A pencil 
of eireles contains also two eircles of the system. 


9. We arrive at another representation of the field of eircles in 
the following wäy. In ihe plane ® of the field there are assumed 
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three 'arbitrary points X, L,M; the powers of the eircle c with 
respect to these points are considered to be the coordinates x, y, 2 
of a point © with respect to au orthogonal system of axes. 

The plane «= 0 contains the images of the cireles passing through 
K. As a pencil of cireles (c) sends one eirele through Ä, the image 
of (c) has one point in common with &—=0 and is therefore also 
in this case a straight line. As further a peneil (c) has one circle 
in common with a net [ec], a net is represented by-a plane. 

A pencil (c) has two pointeircles; the locus of the images of the 
pointeireles P is again & quadratie surface $*. We find its equation 
by making use of the well known velation between the sides of the 
complete quadrilateral PXZM.') Substituting there AP =h, LM’=f, 
MK’ — 9, we find after some reduction, 


ja? + gy® + h2® + (hg) (ay + R)+ 1/9 u + 9) + 
+ ga + gy) + /NM=0. 

The plane @=0 contains only the image of the point-eirele X; 
from this follows that ®* touches the coordinate planes. 

Any cirele concentrical with the eirele KLM, has equal powers 
relative to X, L and M, is therefore represented by a point of the 
straight line ae=y=2z; a8 a concentrical peneil contains only one 
point-cirele at finite distance, D* must be an elliptical paraboloid 
the diameters of which make equal angles with the three coordinate 
axes. 

lf we choose X,/,M in the angular points of an equilateral 
triangle, so that /=g=h, ®* becomes apparenily a parabolord 
of revolution. | 


I) See e.g. Sarmon-Fienzer, Anal. Geom. des Raumes | (1879) p. 74. 


» 


